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TUMOR-TARGETING FLUORINATED PHTHALOCYANINES FOR 
THERANOSTIC APPLICATIONS 
 
 Hydrocarbon-based therapeutics and imaging agents are prone to chemical oxidation and 
degradation resulting in loss of activity and limited functional utility. Thus, more material is 
required to achieve long-lasting therapeutic effects. Phthalocyanines (Pcs) and their metal 
complexes (PcMs) can be utilized as prodrugs requiring only renewable energy resources namely, 
air and light, for cancer therapy and diagnostic (theranostic) applications related to photodynamic 
therapy (PDT). Replacement of labile C-H bonds in the Pc scaffold with a combination of fluoro 
and perfluoroisopropyl groups has resulted in a stable yet reactive oxidation catalyst of biological 
significance and importance.  
 For example, F64PcZn, lacks tumor-cell specificity and may attach non-covalently to a 
tumor-targeting biovector via van der Waals interactions or via the metal-center. However, the 
former may leach and the latter may alter the Pc’s photo-physical and photo-chemical properties. 
Thus, the need for functionalized Pcs is desirable for covalent conjugation while retaining its 
function and reactivity. 
We report the bioconjugation of F48H7COOHPcZn to a peptidic ligand, Pep42, with 
oncoprotein recognition towards Gluocse Regulated Protein of 78 kDa (GRP78) in order to 
generate a small library of tumor-targeting fluorinated phthalocyanine bioconjugates (Scheme 1).  
 
 
Scheme 1. Schematic representation of GRP78-targeting fluorinated PcZn bioconjugates. AHX = 
aminohexanoate; PEG = polyethylene glycol. 
 
F48H7COOHPcCu is also reported and capable of generating singlet oxygen (
1
O2). 
F48H7CONHPcZn-AHX-Pep42, like the unconjugated PcZn, still performed 
1
O2-mediated 
substrate oxidation and showed fluorescence after peptide attachment. Pc labeling did not affect 
the cargo delivery capabilities of Pep42 towards Hep2 cells. F48H7CONHPcZn-AHX-Pep42-R9 
and F48H7CONHPcZn-PEG6-Pep42-R9 were biocompatible towards Hep2 cells under dark and 
light conditions while F48H7CONHPcZn-AHX-Pep42 showed moderate cytotoxicity in both cases 
unrelated to 
1
O2 production. The work herein highlights the development of catalytic, fluorine-
based anti-cancer drugs that may be useful as potential theranostic agents. 
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NOTE ON NUMBERING OF CHEMICAL COMPOUNDS 
All compounds encountered in reaction schemes throughout this work have been 
numbered following the label format [x-y], where x stands for the chapter number 
they are first described in and y stands for the compound number in that chapter. 
The structure number is clearly marked in bold style, both in figures and text. 
































1.1. General Introduction to Phthalocyanines 
 
Phthalocyanines (Pcs) were first invented accidentally by Braun and Tscherniac after 
observing a blue solid formed upon heating o-cyanobenzamide in an iron reactor.
1
 No 
characterization studies were performed until 1929, when Linstead and co-workers synthesized 
and elucidated their structure as tetraazabenzoporphyrin.
2
 These porphyrin-like materials were 
coined “phthalocyanines” derived from the Greek word naphtha meaning “rock oil” and cyanine 
meaning “dark blue”. These materials contain the following general structure shown in Figure 
1.1, [1-1], similar to their porphyrin (Por) counterpart [1-2]. Due to their blue and/or green colors, 
Pcs were utilized primarily as dyes and pigments in the paper and textile industries as well as 
paint components for metal surfaces.
3
 Since their invention, they have demonstrated utility in a 

















Pcs are visually appealing due to their green and/or blue colors, a consequence of the 
extended aromatic ring conjugation present in their chemical structures (Figure 1.1). They are 
thermally stable with high melting points (> 300 °C), capable of undergoing sublimation without 
decomposition at reduced pressure. Initially, first generation Pcs were hydrophobic and 
notoriously insoluble in common organic solvents, except concentrated sulfuric acid, which made 
them difficult to study. However, acids can protonate the pyrrole nitrogens and even demetalate 
the complex.
11
 Chemical modifications of the Pc macrocycle, the use of a metal/non-metal core, 
or variations in the ligand bound to the metal center can be performed to fine-tune the Pcs 




Pcs are structurally similar to Por in regards to having a dinegatively charged N4 





Figure 1. 1. General structure comparison of phthalocyanine (Pc) [1-1] versus porphyrin (Por) [1-
2] where M = transition metal, non-metal, or two hydrogens. [1-1] contains four isoindole  units 
while [1-2] contains four pyrrole units. The non-peripheral and peripheral positions are denoted 
by α and β respectively. 
 
This imparts D4h symmetry assuming strict planarity of the molecule. The pyrrole units in [1-2] 
are connected via methine carbon bridges while the isoindole units in [1-1] are connected via 
nitrogen atoms in the meso positions. In Pc (Figure 1.2), substituents located at positions 1, 4, 8, 
11, 15, 18, 22, and 25 are denoted as the α-substituents (non-peripheral position) while those 
located at positions 2, 3, 9, 10, 16, 17, 23, 24 are denoted as the β-substituents (peripheral 
position) as shown in [1-3].
12













, a semi-metal, Si
4+
, a non-metal, P, or two hydrogens, 2H.
13,14
 Tri 






 have been incorporated to generate axially 
substituted Pcs.
15,16,17





















 and many more depending on the desired Pc 
properties and applications. 














as starting materials (Figure 1.3). High boiling point, polar 
aprotic and protic solvents such as DMF, n-pentanol, quinoline, 1-chloronapthalene, and 
nitrobenzene are necessary for the Pc synthesis at high temperatures (≥ 190 º C).29 Urea and  
 
     
Figure 1. 2. General structure of the metal phthalocyanine illustrating the IUPAC numbering 
scheme (left).
12
 Structural formula of PcM depicted as quadrants (right).  
ammonium molybdate are often used to improve yields and catalyze the reaction.
29,30
 
Traditionally, Pcs were prepared via conventional thermal synthesis under either air or an inert 
atmosphere. However, extended reactions times (> 4 hrs) and non-uniform sample heating would 







assisted synthesis techniques have become a popular choice. This technique has the following 
advantages: i) significantly shorter reaction times (i.e. minutes as opposed to hours) ii) rapid, 
controlled, homogeneous sample heating iii) minimal by-product formation with higher yields 
and iv) automation over subsequent samples. 
31,32,33
 Strong microwave absorbers such as DMF are 





Figure 1. 3. General synthetic routes for preparing metal Pcs.
34
 MX2 is a metal salt wherein M = a 




Pcs are capable of undergoing electronic excitation upon exposure to UV-Vis illumination 
(190-900 nm). Specifically, visible to near-infrared (300-900 nm) light induces π-π* transitions 
which can be rationalized by the theory proposed by Gouterman and Lever.
35
 The five major 
energy level transitions are Q, B, N, L, and C (Figure 1.4).
36
 Among the five, the highest molar 
extinction coefficients are seen in the Q- (600-800 nm) and B- (300-400 nm) bands,  
 
 
Figure 1. 4. Molecular orbital energy level transitions in excited phthalocyanines with visible to 
near-infrared light (300 – 900 nm).35 Electronic transitions are depicted for a) metal-free and 




representing HOMO-LUMO transitions of the Pc
2-
 ring and other π-LUMO transitions, 
respectively. PcMs with D4h or higher symmetry exhibit one Q-band while asymmetric PcMs and 
the metal-free Pc, PcH2, display split Q-bands attributable to non-degenerate HOMO-LUMO 
transitions.
37
 In the case of some PcMs, the metal-to-ligand (MLCT) or ligand-to-metal (LMCT) 
charge transfer bands can exist and occur between the metal and Pc ring orbitals (Figure 1.4b). 
This is observed in the case of open-shell MPcs and is well documented.
38
 However, in the case 
of zinc phthalocyanines, the metal center has a closed shell, d
10
 electron configuration, which 
results in no MLCT or LMCT bands (Figure 1.4a). 




1.2.1. Absorption and Emission Mechanism (Jablonski Diagram) 
 
 The absorption of photons and excitation of electrons within the Pc molecular orbitals to 
generate energetic 
m
Pcn excited states (where n = first, second, third…n
th
 excited state; m = spin-
state multiplicity, i.e. singlet, triplet, etc.) can be illustrated by the partial energy level diagram 
known as the Jablonski diagram shown in Figure 1.5.
39
 The ground state, 
1
Pc0, represented by the 
lowest bold line, contains all paired electron spins as seen in the case of PcZn. Upon absorption of 





depending upon the photon’s energy. They correspond to the second excited singlet state and first 
excited singlet state, respectively. 
3
Pc1 is the first excited triplet state and is lower in energy than 
the other two singlet states, a consequence of Hund’s rule. Direct transition from 1Pc0 to 
3
Pc1 is a 
forbidden transition due to the difference in spin multiplicities (singlet vs triplet) between both 















Figure 1. 5. Simplified Jablonski diagram for Pc electronic transitions. Non-radiative processes 
are indicated by dashed arrows. Electronic ground energy states are shown in bold lines. 
Abbreviations: A, absorption; F, fluorescence; P, phosphorescence; IC, internal conversion; ISC, 








Pc2, respectively. This process is known as 
“vibrational relaxation”. Another non-radiative process known as “internal conversion” can occur 




Pc1 which is 




Pc1 is spin forbidden due to the unfavorable singlet-triplet transition. Intersystem crossing is 
another spin-forbidden process, however, not impossible in the case of heavy transition metal 






 The excited 
state complex can undergo deactivation to the ground state by several pathways denoted by the 
straight downward arrows. Two of these deactivation pathways, fluorescence and 
phosphorescence, involve the radiative emission of a photon. In order for both to occur, 




 s. Fluorescence occurs much faster 
than phosphorescence (10




between the two emission processes is due to the change in spin-state multiplicity. Fluorescence is 
spin-allowed with 
1
Pc1 decaying to 
1










Pc1 according to Kasha’s rule.
42
 Either emission process is favored 
depending on ability of the PcM complex to undergo intersystem crossing. The other deactivation 
pathways occur without radiation, indicated by wavy arrows. 




The electronic configuration of oxygen can be explained by the molecular orbital diagram 





) is paramagnetic and triplet in its ground state 
with two unpaired electrons in the degenerate HOMO π* orbitals. This creates a spin barrier 
between 
3
O2 and the predominantly singlet molecules around it. However, the excited triplet 
 
Figure 1. 6. Molecular orbital diagram of molecular oxygen, 
3
O2. Inset: Singlet oxygen, 
1
O2, 








Pc1, can react with 
3
O2 via spin-allowed energy transfer resulting in a rearrangement of 
the HOMO π* orbitals in 3O2 to generate singlet oxygen (
1
O2). This removes the spin barrier and 
allows 
1
O2 to oxidize singlet substrates. 
1







 and 94.2 kJ mol
-1
 above the triplet state (
3Σg
-
), respectively. Both states differ with 
respect to the arrangement of electrons in the HOMO π* orbitals. 1Σg
+
 contains antiparallel π* 




 is very short lived and quickly decays to 
1Δg thus making 
1Δg the predominant form of 
1
O2. The lifetime of 
1
O2 is solvent dependent since 
1
O2 can undergo deactivation in solution by 
transferring its electronic energy to solvent vibrations.
44
 Solvents with high vibrational 
frequencies are efficient relaxation media. For example, the lifetime of 
1
O2 in water is 3.3 µs due 
to strong O-H vibrations near 3600 cm
-1
. Hydrocarbons have vibrational frequencies near 3000 
cm
-1
. Replacement of H atoms by deuterium (D) atoms can also shorten the solvent quenching 
rate constant due to a shift to lower vibrational frequencies and lead to increased lifetimes such as 
D2O (60 µs) and CCl4 (31000 µs).
45
  
Reactive oxygen species (ROS), primarily 
1
O2, can be generated by PcM complexes and 
exploited for cancer therapy applications, specifically photodynamic therapy (PDT). There are 
two mechanisms by which ROS can be produced, known as Type I or Type II.
46
 Type I involves 




Pc1 either transfers an electron to the substrate or 
abstracts a proton from the substrate leading to the production of superoxide anions or hydroxyl 
radicals. Type II involves a direct production of 
1





O2. The latter is considered the predominant mechanism. In either case, oxygen 
is an absolute requirement. Diamagnetic metals in the Pc core are always preferred over 




been noted (see Chapter 2) and paramagnetic metals have still demonstrated utility in PDT 





1.3. Application to Photodynamic Therapy 
 
PDT is a clinically approved, non-invasive treatment strategy for annihilating tumor cells, 
tissue, vasculature and other cancer afflicted regions of the human body using only a 
photosensitizer (PS), light, and oxygen.
46
 Upon light absorption, the PS is activated to an excited 
energy state which reacts with molecular oxygen via a bimolecular energy transfer reaction to 
generate singlet oxygen. The light source is critical and must match the absorption properties of 
the PS. Blue UV-light is harmful and poorly penetrates the skin while red to near-infrared (NIR) 
light penetrates deeper into tissues.
46
 The earliest PDT work was performed more than 100 years 
ago by German medical student, Oscar Raab, in 1900. Raab reported that certain wavelengths 
were lethal to infusoria, including species of Paramecium, in the presence of acridine.
48
 By the 
mid-twentieth century, porphyrins became the most extensively studied photosensitizers and were 
utilized in clinical setting in the 1960s by Lipson and co-workers at Mayo Clinic who developed a 
purified form of haematoporphryin derivative (HPD) which demonstrated promise as a diagnostic 
tool due to its fluorescence.
49
 A significant breakthrough took place in 1975 by Dougherty and 
co-workers reporting the complete eradication of mammary tumor growth in mice using red light 
and HPD.
50
 Kelly and co-workers were able to eliminate bladder carcinoma in mice using HPD as 
well.
51
 HPD and several other porphyrin based PSs have been clinically approved and are shown 
in Figure 1.7 for a variety of cancers such as bladder, prostate, head and neck, ovarian, breast, 






1.3.1. Porphyrins as Photosensitizers  
 
Although porphyrins and other tetrapyrrole derivatives have shown promise in the clinic, 
improvements are still necessary to enhance their PDT performance. A significant amount of  
 
Figure 1. 7. Clinically approved porphyrin-based photosensitizers
 




research has been dedicated to develop a PS with the following standards for cancer therapy and 




selectivity iii) biocompatibility, iv) high therapeutic index, v) low dark cytotoxicity, and vi) high 













 etc, were included to 
address biocompatibility while improving the pharmacological properties of the Por-based PS in 
PDT applications. Heavy or light transition metals have been incorporated to fine-tune the singlet 
oxygen and fluorescence quantum yields.
60







 facilitated targeted PDT treatment for higher 
therapeutic indices compared to the Por-based PS alone.  
1.3.2. Phthalocyanines as Near-Infrared Photosensitizers for PDT. 
 
Among the tetrapyrrole derivatives, Pcs are excellent candidates as PSs for PDT 
applications. Relative to Por, Pcs have a bathochromically shifted Q-band to near-IR (NIR, 600-
900 nm), a range ideal for deep tissue penetration and for PS activation and 
1
O2 production. The 
high singlet oxygen and fluorescence quantum yields in the NIR region also make Pcs ideal 
candidates for PDT. A large number of literature reports have demonstrated their utility for 
PDT.
64
 “Smart” PSs, especially Pc-based, have been developed for PDT. They respond to certain 
tumor specific stimuli such as low pH,
65





encountered in normal cells. Pc bioconjugation to tumor homing vectors (i.e. peptides or 
antibodies) have been shown to address the poor solubility for biocompatibility and impart 
selectivity for tumors.
68,69
 Antibodies can be expensive to synthesize, isolate and conjugate to the 
photosensitizer of interest. This makes peptides the preferred choice since they are cost-effective 
and routinely prepared. Zheng and co-workers have prepared a folic acid targeting PcSi construct 
showing photodynamic activity in HeLa human cervical carcinoma cells (IC50 = 0.071 μM), 





70 ZnPcs, Sonogashira-coupled to RGD and bombesin (Tyr-Gln-Arg-Leu-Gly-Asn-
Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2) peptides, have been reported to exhibit cell uptake and 
photocytotoxicity by targeting integrin- and gastrin-releasing peptide receptors, respectively, in 
several tumor cell lines.
71
 Similarly, tetrasulfonated (S4) AlPc, AlPcS4-bombesin conjugates 
exhibit a 2.5-fold increase in PDT activity against the PC3 human prostate cancer cells relative to 
AlPcS4 alone.
72
 Trisulfonated ZnPc-bombesin produces phototoxic LD50 values of <5 J cm
−2
 in 
PC3, A549, MDA-MB-23, and EMT-6 cell lines. A tert-butyl-ZnPc−peptide conjugate targets the 
epidermal growth factor receptors (EGFRs) overexpressed on the cell surfaces of A431, Hep2, 
and HT-29 human carcinoma cells. Efficient fluorescence emission (Φf = 0.10−0.13 at 680 nm) 
revealed an extended resident time within the EGFR overexpressing tumors.
73
 Thus, photo-active 
Pcs functionalized with biocompatible targeting vectors, such as the cancer-targeting peptides 
(CTPs), help improve the theranostic properties of Pcs for more fruitful applications in PDT.
74
    
1.4. Generation of Functional Fluorine-based Phthalocyanines  
 
The outcome of a targeted PDT treatment is highly dependent on the chemical 
composition of the Pc attached to the delivery vehicle. Protio-based Pcs are susceptible to 
oxidation by the photo-chemically produced singlet oxygen and ROS, leading to photosensitizer 
decomposition.  Perfluorination of the Pc scaffold to generate F16Pc can resist oxidation and has 
proven successful in PDT applications.
75
 However, the aromatic fluorines are susceptible to 
nucleophilic substitution. The complex is also prone to intermolecular aggregation via π-π 
stacking due to its planar conformation which severely shortens the excited state lifetime 
preventing singlet oxygen production. Substitution on the non-peripheral positions using bulky, 
branched alkyl groups
76-78
 have led to deviations from the 2D planar to a distorted, saddle-type or 




the heavy steric crowding of the non-peripheral substituents between adjacent benzene rings. 
Most importantly, distortion can also render the complex more prone to photochemical 
decomposition upon reaction with 
1
O2.  
Substitution of the aromatic fluorines for fluoroalkyl groups in the F16Pc macrocycle can 
advantageously impart increased solubility, thermal stability, robustness to the PcM complex,
79,80
 
desireable attributes for developing next generation PDT photosensitizers.  Qiu et al. have 
generated a constitutional isomer mixture of tetra perfluoro n-butyl and perfluoro n-hexyl 
substituted fluorinated metal (M = Zn, Co, Cu, and Fe) phthalocyanines.
81
 The Zn constructs were 
moderately fluorescent, exhibiting quantum yields of 0.11 and 0.38 for perfluorobutyl and 
perfluorohexyl isomers, respectively. Both constructs were photo-cytotoxic in HL-60 and A375 
cancer cell lines. The lead n-perfluorobutyl construct was capable of inducing necrosis and 
apoptosis in a concentration-dependent manner. Obata et al. have prepared α, β, and γ-
cyclodextrin trifluoroethoxy (CD-TFEO) zinc phthalocyanines for antitumor treatment in B16-
F10 and HT-1080 cell lines.
82
 The β-CD-TFEO ZnPc was more effective than the PDT approved 
drug Talaporfin in both cell lines, under identical conditions. The hydrophilic cyclodextrin moi-
eties improved the PDT performance of the conjugate in comparison to TFEO-ZnPc alone. The 
same construct was successful in vivo in tumor bearing chicken embryos 5 days post-PDT 
treatment yielding an inhibition ratio of 52.7% at a dose of 50 mg egg
-1
 at 100 J cm
-2
.  
The macrocycle itself required further modification to generate a more three-dimensional, 
robust, stable Pc. The introduction of perfluoroisopropyl groups to the F16Pc scaffold in [1-4] by 
formally substituting the eight peripheral F atoms to generate a 2
nd
 generation fluorinated ligand, 
known as F64Pc, shown in Figure 1.8, [1-5], has yielded the following: i) increased organic 




macrocycle and central core iii) enhanced thermal stability iv) lack of aggregation via π-π 
stacking for single-site catalysis v) resistance to nucleophilic substitution via sterically hindered 
macrocycle vi) enhanced Lewis acidity to the metal center leading to amphiphilic character.
83
 
















 Wittig reaction catalysts,
85
 single molecule magnets,
86
 and redox catalysts.
87
  
In order to improve the PDT performance of the 2
nd
 generation F64PcZn, several mono-





materials for covalent attachment to biovectors. These robust, fluorinated materials exhibited 
reduced steric hindrance, ranging from acidic to basic in their functional groups, rationally 











F51NRR’PcM (M = Zn/Co; R/R’ = H/H, Me/H, Me/Me) are related to the less bulky complex, 
F52PcZn, [1-7]. [1-8] contains increased steric hindrance at the amino group from NH2 to NMe2. 
The Zn series, [1-8], was non-fluorescent and scarcely produced singlet oxygen due to 
photoinduced electron transfer deactivation. The Co series was only active for mercaptan 
oxidation. The acidic complex, F48H7COOHPcZn, [1-9], was unique, containing significantly less 
fluorines relative to the other functional Pcs. Surprisingly, this complex has excellent oxygen 
uptake and was stable post-substrate photooxidation
89








Figure 1. 9. 3
rd
 generation fluorinated PcZn complexes rationally designed from [1-6] to generate 
F52PcZn, [1-7], F51NRR’PcZn, [1-8], and F48H7COOHPcZn, [1-9] followed by a brief description 
of their physical, photo-physical, and photo-chemical properties. 
 [1-8] 
 Basic 
 Poor 1O2 production 
 No Fluorescence 
 [1-6] and [1-7] 
 Neutral 
 Excellent 1O2 production 
 Moderate Fluorescence 
 [1-9] 
 Acidic 
 Excellent 1O2 production 







emission (Φf = 0.02, EtOH). F48H7COOHPcZn was further utilized for the photocleavage activity 
of a Glucose Regulated Protein oncogene.
89
 The complex was successfully conjugated to a 
GRP78-antisense DNA capable of hybridizing to GRP78 DNA and mRNA sequences. Once 
hybridized, the oncogene sequences underwent photochemical oxidation and cleavage that was 
confirmed by hot-piperidine treatment.  
1.5. Project Goals 
 
The acidic functional fluorinated Zn complex, F48H7COOHPcZn, is of interest due to its 
excellent singlet oxygen production and detectable fluorescence emission, desirable attributes for 
the development of Pc-based photosensitizers, as well as its ability to covalently label peptides for 
biomedical applications. Its synthesis, characterization, photophysical and photochemical 
properties will be discussed, in addition to the isostructural Cu complex, F48H7COOHPcCu, in 
Chapter 2.  
F48H7COOHPcZn will be further conjugated to a peptidic ligand (CTVALPGGYVRVC) 
capable of targeting and penetrating cancer cells via an overexpressed cancer cell surface 
receptor, the Glucose Regulated Protein 78 (GRP78).
90
 Modifications to the spacer and peptide 
sequence will generate a small library of bioconjugates whose rational design is shown in Figure 
1.10. The synthesis, characterization, photophysical and photo-chemical properties of the 
bioconjugates will be discussed in Chapter 3 and evaluated relative to the unconjugated Zn 
complex. 
The significance of this work will highlight the development of catalytic prodrugs as 
opposed to stoichiometric ones for biomedical applications and broaden our bioconjugation 
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Low-symmetry, AB3-type (where A/B = Pc precursor) functionalized PcMs are second 
generation materials originating from the symmetrical first generation, A4-type PcMs. The AB3-
type is of interest due to its functional group chemically grafted onto the macrocycle, capable of 
producing stable, covalent linkages to biomolecules or solid supports and thus preventing 
leaching, a severe disadvantage in the case of non-functionalized A4-type Pcs. The substituent 
type can have a major influence on the chemical, optical, and redox properties of the PcMs, thus 
ultimately determining their applications.
1
 Their ease of preparation depends on the degree of 
functional group substitution (i.e. mono, di, tri, or tetra). Tetra-functionalized Pcs are easily 
prepared by condensation of four functionalized monomer units, such as phthalonitriles, with the 
corresponding metal salt (Figure 2.1a), a strategy employed for the first generation materials. 
Mono-, di-, and tri-functionalized Pcs are much more difficult to prepare, but can be achieved 
through statistical condensation of the A and B monomer units (Figure 2.1b).
2
 The product 
distribution outcome results in a mixture of PcMs of varying substitution degrees requiring 
chromatography for desired product isolation. The outcome can be regulated by the stoichiometric 
ratio (i.e. equivalents) of the monomer units. Usually, higher A:B ratios result in higher yields of 
PcMs with more A-character than B. An alternative strategy to generate AB3-type PcMs involves 
microwave-assisted solid-phase organic synthesis of functionalized PcMs using resin-bound 
precursors (Figure 2.1c).
3,4
 The A monomer is bound to the resin while the B monomer is in 
solution. After MW-assisted synthesis, the generated A4-type PcM is washed and filtered while 
the AB3-type is resin-bound. The desired product can be cleaved from the support and isolated 
without further purification. This highlights the drive towards more selective synthesis strategies 





Figure 2. 1. General synthetic strategies for the development of functionalized PcMs. a) 
condensation of A monomers to generate first-generation, symmetric PcMs, b) statistical 
condensation of A and B monomers to generate AB3-type PcMs and others: A2B2 (cis or trans), 
A3B, and A4. c) microwave-assisted organic synthesis using resin-bound precursor to generate 






Most of the functional PcMs contain a hydrocarbon-based Pc scaffold which renders them 
susceptible to oxidation and degradation by the ROS produced during PS activation. 
Halogenation, specifically fluorination, can impart ROS resistance to the Pc ligand thus being 
capable of multiple as opposed to a single substrate turnover. The red-shifted Q-band in these 
materials advantageously provides deeper tissue penetration for effective PS activation. The 
hydrophobic fluorine scaffold can also impart amphiphilic character which can improve PDT 
performance (Figure 2.2). Notable early developments of functionalized fluoro phthalocyanines 
include an amphiphilic, dodecafluoro-4-sulfophthalocyanine,
5
 e.g. F12S1PcZn, [2-2], obtained as a 
single positional isomer via a literature procedure.
6
 A comparison of the red-light phototoxicity 
and pharmacokinetic properties of [2-2] and F16PcZn, [2-1], toward EMT-6 cells using identical 
drug formulations showed that [2-2] is about 50 times more active than [2-1]. However, F16PcZn 
selectively accumulates in tumors,
7
 yet its photodynamic effect is low due to aggregation. The 
amphiphilic tetracarboxy octafluorophthalocyanine, C4F8PcZn,
8
 a mixture of cis and trans 
isomers, [2-3]-[2-4],  showed the highest PDT effect in HeLa cells compared to hydrophobic 
F16PcZn and hydrophilic zinc octacarboxy phthalocyanine, C8PcZn.
9,10
 Although promising, [2-2] 
and the other complexes are planar and susceptible to aggregation which can hinder the 
1
O2 
producing capabilities during tumor cell photosensitization.  Shibata et al. have generated 
amphiphilic trifluoroethoxy-substituted zinc phthalocyanines with adenine, [2-5], or uridine, [2-
6], appendages for DNA binding and photodynamic oncogene therapy.
11 The trifluoroethoxy 
materials proved to be photo-chemically unstable in solution and decomposed over time. 
However, a shift to the fluoroalkyl precursor, used for F64PcZn, to generate an amphiphilic 
perfluoroisopropyl zinc phthalocyanine bearing the same nucleoside appendages, [2-7]-[2-8], 





Figure 2. 2. Chemical structures of a) acid functionalized fluoro PcZn complexes vs. F16PcZn, b) 
trifluoroethoxy PcZn complexes with uridine (left) or adenine (right) appendage c) fluoroalkyl 




[2-1] : R1, R2, R3, R4 = F 
[2-2] : R1, R3, R4 = H 





R = H, TBDMS [2-5] 
[2-6] 




aqueous systems, photochemically stable, and photo-cytotoxic in B16-F10 murine melanoma with 
80% cytotoxicity at 50 mg mL
-1
 and good cytotoxicity in HT-1080 fibrosacroma cell lines.
12
 
 A new generation was necessary in order to improve their structure-function properties 
with functional groups capable of covalent binding to either molecules or solid-supports. Bench 
and co-workers have already demonstrated the use of F64PcZn as a potential PDT agent.
13
 
However, this complex is unable to form stable, covalent linkages with biomolecules, aside from 
a possible direct linkage to the metal center which may affect the Pc photo-physical and photo-
chemical properties. Inclusion of a functional group directly attached to the macrocycle, as seen in 




Figure 2. 3. Bioconjugation of acidic functionalized fluorinated PcM, F48H7COOHPcM (M = Zn, 
Cu) with amino-functionalized biomolecules to generate covalently linked bioconjugates. 
F48H7COOHPcM (M = Zn/Cu) 
 






This chapter discloses the synthesis and characterization of fluoroalkyl carboxy-derived 




F-NMR, High Resolution Mass Spectrometry, and UV-Vis Spectroscopy. Single 
Crystal X-ray structures have also been obtained. Their photo-physical and photo-chemical 
properties are correlated with their magnetic properties. 
2.3. Experimental Section 
 
2.3.1. Materials and Methods 
 
Solvents and reagents were acquired from Alfa Aesar (Ward Hill, MA), Fisher Scientific 
(Pittsburgh, PA), Sigma-Aldrich (Saint Louis, MO), TCI Co. Ltd. America (Portland, OR), Strem 
Chemicals (Newburyport, MA) and used without further purification unless stated otherwise. 
Acetonitrile was distilled from CaH2 prior to use for anhydrous reactions. Silica gel was 
purchased from Scientific Adsorbents Inc. (Atlanta, GA), 63–200 μm (70–230 mesh) size, pore 
size 60 Å.   
Standard laboratory procedures were followed for the synthesis, separation and 
purification of all reported compounds. Light sensitive materials were protected from light with 
aluminum foil. All moisture sensitive reactions were carried out under a nitrogen or argon 
atmosphere using oven-dried glassware. Precoated aluminum-backed silica gel 60 F254 plates were 
used in TLC experiments. Removal of solvents was performed under reduced pressure with a 





2.3.2. Synthesis  
 
F48H7COOHPcZn, [2-12], was prepared according to a literature protocol.
20a
 F64PcZn, [2-11], 
was isolated as a side product in 30% yield. The desired product, [2-12], was isolated in 21% 
yield. Trifluoroacetic acid (2 drops) was added into the NMR sample of [2-12] in order to confirm 
phenoxy-benzoic acid aromatic protons. 
1
H-NMR (399.96 MHz, acetone-d6 + TFA): δ 7.37 (d, J 
= 8.79 Hz, 2H), 7.98 (dd, J = 7.81 Hz, 1H), 8.11 (d, J = 8.79 Hz, 2H), 8.99 (d, J = 1.95 Hz, 1 H), 
9.36 (d, J = 7.81 Hz, 1H); 
19
F-NMR (376.31 MHz, CFCl3 std.): δ -72.87- -70.37 (m., CF3), -
104.23 (br. s., aromatic F), -164.57 (br. s., tertiary F). 
F48H7COOHPcCu, [2-14]. 4-(3,4-dicyanophenoxy)benzoic acid (52.8 mg, 0.2 mmol), [2-9], and 
perfluoro-4,5-diisopropylphthalonitrile (100 mg, 0.2 mmol), [2-10], copper (II) acetate 
monohydrate (19.9 mg, 0.1 mmol), and n-pentanol (20 drops)  were placed inside a 10 mL 
Teflon-capped glass vial and heated for 15 minutes at 200 ºC using a microwave CEM  Discover 
reactor.  The crude mixture was dissolved in ethyl acetate, extracted with brine, and dried over 
magnesium sulfate. F64PcCu, [2-13], was isolated in 15% yield and the desired product [2-14] in 
19% yield after column chromatography using silica and acetone/hexanes mobile phase. 
19
F NMR 
(376.31 MHz, acetone-d6, CFCl3 std.): δ -71.51 (br. s., CF3), -101.32 (br. s., aromatic F), and -
162.26 (br. s., tertiary F). ESI-MS (negative mode): Calcd for C57H8F48N8O3Cu: 1826.9249. 
Obsd: 1826.9336 (error: 4.8 ppm). Calcd for chloride adduct, C57H8F48N8O3CuCl
−
: 1861.89319. 
Obsd: 1861.90261 (error: 5.0 ppm). Calcd for formate adduct, C58H9F48N8O5Cu: 1871.92200. 




)]: 711 (5.16), 673 
(5.09), 607 (4.46), 362 (4.80). UV−vis [EtOH; λ, nm (log ε, M−1cm−1)]: 703 (5.08), 663 (5.04), 




2.3.3. Glove Box Techniques 
 
Oxygen and water sensitive materials were handled inside a Vigor glove box (Vigor Gas 
Purification Technologies Co., Ltd (VG1200/750TS), Jiangsu, China) filled with argon (Ultra 
pure, 99.998%) and zero-grade nitrogen (99.99%) were purchased from Airgas, Inc. (Radnor 
Township, PA). Oxygen and water concentrations were below 1 ppm. 
2.3.4. Microwave Synthesis 
 
Microwave assisted synthesis was performed using a CEM Discover system (CEM 
Corporation, Matthews, NC) and the closed vessel method in thick walled 10 mL Pyrex glass 
reaction vessels sealed with Teflon caps. 
2.3.5. UV-Vis Aggregation Study 
 
Electronic absorption spectra of freshly prepared solutions were collected using a Cary 
500 UV-Vis NIR spectrophotometer (Model EL01044985) with Varian CaryWin UV 3.0 
software. The typical scanning range was 300–800 nm with a precision of 0.2 nm. All 
absorbances were corrected to zero value at 800 or 500 nm.  
2.3.6. NMR Spectroscopy  
 
1D FT-NMR spectra were obtained at ambient temperature (25 °C) on a Varian Inova 400 
MHz instruments (
1
H, 399.96 MHz; 
19
F, 376.31 MHz). 
19
F spectra were acquired with proton 
decoupling, unless otherwise stated. Chemical shifts (δ) for 1H spectra are reported in ppm 




chemical shifts were referenced to the internal CFCl3 (δ = 0.00) standard. The Mnova (Mestrelab 
Research, Spain) software was used for data processing.
15
  
2.3.7. High-resolution Mass Spectrometry  
 
High resolution mass spectra were acquired by direction injection using an Apex-ultra 70 
hybrid Fourier Transform mass spectrometer at Rutgers University (Newark, NJ). Sample 
concentrations of 5 µM were prepared in absolute ethanol and spiked with 3 drops of 1M formic 
acid or trifluoroacetic acid. Chemical isotope distribution patterns and calculated monoisotopic 
masses of the proposed structures, using Bruker Compass DataAnalysis 4.0, were compared to the 
observed data for agreement.  
2.3.8. X-ray Crystallography  
 
Single crystals suitable for X-ray diffraction were grown by slow evaporation of solutions 
at room temperature. Data collection at 100 K was carried out at the Chemistry Department of 
Rutgers University (Newark, NJ) on a Bruker Smart Apex CCD diffractometer using Cu Kα 
(1.54178 Å) radiation or at the Chemistry Department of Hunter College (New York, NY) using a 
Bruker Kappa X8 Apex II diffractometer with Mo radiation. In exceptional cases when crystals 
proved too small for a conventional instrument, synchrotron radiation was used at the Advanced 
Photon Source, Argonne National Laboratory (Argonne, IL) via Columbia University laboratory. 
Absorption corrections were applied using the program SADABS.
16
 Structures were solved using 
direct methods and refined using full-matrix least-squares on F
2
. Non-hydrogen atoms were 
refined anisotropically while H atoms were placed at calculated positions and refined using a 
riding model. Computations were carried out using the SHELXTL package.
17
 Structures were 




structural representations were obtained with the Mercury suite.
18
 Cambridge Structural Database 
searches of related structures were performed using the ConQuest software.
19
 
2.3.9. Singlet Oxygen Production 
 
A custom made catalytic apparatus was used to conduct photo-hydroperoxidation 
reactions of β-(-)-citronellol. The light source shown in Figure 2.4 was only used for photo-
oxidation reactions. The automatic gas titrator, Dosimat (no. 4), was connected to a computer for 
automatic data collection. The three-way tap (no. 6) regulated the gas in-flow to fill the Dosimat 
first and then turned towards the condenser to flow gas through the reaction vessel. The gas inlet  
 
Figure 2. 4. Components of the catalytic oxidation equipment. (1) Gas inlet; (2) thermostated 
water inlet; (3) cable connected to computer for data collection (4) Dosimat; (5) oxygen reservoir; 
(6) three-way tap; (7) electrical couple for Dosimat dispenser control; (8) mercury switch; (9) 
magnetic stirrer; (10) 100 mL double-walled glass reaction vessel; (11) solution inlet; (12) light 
source. (Image courtesy of Dr. Hemantbhai Patel).
20a 




(no. 1) was connected to a gas cylinder. A circulating water bath was used to maintain constant 





O2 generation and in situ photo-hydroperoxidations of β-(−)-citronellol were performed at 
25 ± 0.2 °C under an O2 atmosphere (99.998% purity) in a closed, 100 mL, thermostated, 
jacketed, double-wall glass vessel. The reaction mixture consisted of 20 ± 2 μM photocatalyst 
dissolved in 50 mL of anhydrous EtOH containing 182 μL (1.0 mmol) of β-(−)-citronellol. 
Illumination was performed using a 300 W halogen lamp with a light intensity of 2.8 ± 0.1 × 10
5
 
lux, measured at the outer wall of the reaction vessel with a light meter. O2 consumption was 
monitored with a computer-interfaced Dosimat 665 (Metrohm, Herisau, Switzerland) gas titrator. 
The catalyst stability under the reaction conditions was monitored via UV−Vis (300−800 nm) 
spectroscopy before and after the photo-reaction. Calibration was performed using 







H-NMR was used to monitor conversion of β-(-)-citronellol to its hydroperoxide 
regiosomers. A linear gradient of acetonitrile/0.1 M phosphoric acid 45-65% over 25 mins using a 
Zorbax Eclipse XDB-C18 column (5 μm, 4.6 x 150 mm) was utilized for reverse phase HPLC 
quantification of the hydroperoxides.  
2.3.10. Spectrofluorimetry Measurements 
 
Steady-state fluorescence emission spectra were recorded using a Horiba Jobin Yvon 
Fluorolog-3 (FL3-11) spectrofluorometer equipped with a 450 W Xenon lamp with FluorEssence 
v3.5 software. Fluorescence quantum yield calculations were performed using the comparative 
method
21a










where if and 
s














the refractive indices of the solvents for the sample and standard. Anhydrous ethanol was used for 
measurements of the PcMs. F48H7COOHPcZn was measured relative to F64PcZn (Φf = 0.15 in 
EtOH), which was previously measured relative to the literature-established H16PcZn (Φf = 0.20 
in DMSO).
22
 Singlet excited-state lifetimes were measured using time-correlated single photon 
counting technique.
21b
 Samples were excited using a 671 nm NanoLED laser with a pulse width 
of < 200 ps. The instrument response time was 22 ps (full width at half-maximum) determined 
with an aqueous colloidal silica suspension (Ludox) and setting the emission monochromator at 
the excitation wavelength, 671 nm.  Sample concentration was adjusted to minimize inner filter 
effects. Lifetime data was processed using DataStation v6 and were fit to a single-exponential 
decay with χ2 ~1.0. 
2.4. Results and Discussion 
2.4.1. Synthesis 
 
 The synthesis of [2-12] and [2-14] was accomplished by statistical condensation of the  
 
 
Scheme 2. 1. Microwave assisted synthesis of acidic functional fluorinated PcZn and PcCu 




[2-11], M = Zn, 30% 
[2-13], M = Cu, 15% 
[2-12], M = Zn, 21% 




functional phthalonitrile precursors, [2-9] and [2-10], in 1:1 molar ratio using microwave 
radiation (Scheme 2.1). Both complexes were prepared along with their symmetric perfluoroalkyl 
Zn and Cu counterparts, [2-11] and [2-13] respectively, and separated via column 
chromatography. In the case of F64PcM, the electron deficient metal center is capable of 
coordinating silanol ligands from the SiO2 support thus facilitating adhesion to the column. In the 
case of F48H7COOHPcM, the metal is also capable of silanol coordination but the acidic 
functional group can further form hydrogen bonding interactions with the stationary phase. Both 
of these interactions increased the retention time of the F48H7COOHPcM complex relative to the 
F64PcM molecules thus allowing their separation. [2-12] and [2-14] were isolated in 21% and 
19% yield, respectively. 
2.4.2. Single Crystal X-ray Diffraction studies 
 
2.4.3. F48H7COOHPcZn, [2-12] 
 
Many crystallization trial attempts of [2-12] using a broad range of solvents were 
unsuccessful and have led to powder-like diffraction patterns on the diffractometer. Efforts were 
focused on using protic-based solvents, specifically acids, to induce intermolecular hydrogen 
bonding of the molecules within the crystal lattice. Fortunately, X-ray quality crystals of [2-12] 
were grown by slow evaporation of a trifluoroacetic acid solution at room temperature. The 
crystal system and the specimen (dimensions: 0.17 x 0.13 x 0.10 mm
3
) used was monoclinic, 
space group P2(1)/c. Full matrix least squares direct methods solution followed by refinement 
yielded a final R value of 0.1401 and goodness of fit, F
2
 = 1.415. A low data/parameter ratio 




for molecular conformation, connectivity, and packing. The ORTEP representation diagram at 
40% probability is shown in Figure 2.5. The molecular and solid-state structure of [2-12] is 
 





Figure 2. 5. ORTEP representation of [2-12]•TFA at 40% probability. Trifluoroacetic acid 
solvent molecules and hydrogen atoms are omitted for clarity. Color code: C, gray; F, light green; 




shown in Figures 2.6a-2.6b and with additional data in Appendix D. Despite the reduced steric 
hindrance by the phenoxy-benzoic acid “tail”, the aliphatic CF3 units of the perfluoroisopropyl 
groups remain situated above and below the Pc plane, while the tertiary fluorines are almost co-
planar, similar to the F64PcZn complex.
13




Figure 2. 6. Molecular and solid-state structures of F48H7COOHPcZn•TFA ([2-12]•TFA). Color 
code: C, gray; F, light green; N, blue; O, red; Zn, orange. a) Molecular structure of [2-12] with Zn 
and F depicted using their van der Waals radii while remaining atoms are ball-and-stick. b) Side-
on view of [2-12] along the Pc plane. c) Capped stick representation of [2-12] with two TFA 
molecules hydrogen bonded to a coordinated water molecule. d) Packing diagram of [2-12] 
depicted as capped sticks along the a*-axis with a TFA solvent cluster between two Pc molecules. 
e) Side-on view of head-to-tail arrangement of [2-12] depicted as van der Waals radii. f) Top-





the Pc plane with a dihedral angle of ~90 °. The Zn coordination number is five including a 
coordinating water molecule which was anticipated due to the high Lewis-acidity of the metal. 
The Zn center is ~0.50 Å above the macrocyclic plane due to five coordination (Figure 2.6c). The 
water molecule is further hydrogen-bonded to the two TFA solvent molecules within the crystal 
lattice. The packing diagram of [2-12] viewed along the a*-axis (Figure 2.6d) depicts a cluster of 
four trifluoroacetic acid molecules between two PcZn molecules, a favorable interaction due to 
the van der Waals forces between the trifluoromethyl groups in TFA and the perfluoroisopropyl 
CF3 groups. Given the unhindered quadrant of the F48Pc scaffold, one might anticipate head-to-
tail-type intermolecular interactions, if any, in which the least bulky portion of the molecule, viz., 
the nonfluorinated benzene ring, is packed with the bulkiest one of another molecule, viz., the 
perfluoroalkyl groups of the opposite benzene ring. Interestingly, [2-12] arranges itself in a head-
to-tail fashion (Figure 2.6e) but in a slipped-stack arrangement (Figure 2.6f). Interplanar 
interactions between two Pc molecules that define π-π stacking are too long (~6-8 Å apart 
measured from each Pc quadrant opposite the corresponding benzene ring in another Pc) 
considering interplanar interactions in graphene is ~3.35 Å. As a result, aggregation is not 
observed due to steric hindrance of the perfluoroisopropyl groups potentially leading to single-site 
catalysts.  
  
2.4.4. F48H7COOHPcCu, [2-14] 
 
 X-ray quality crystals of [2-14] were obtained from methanol by slow evaporation at room 
temperature. The crystal was weakly diffracting which led to incomplete data. Full matrix least 
squares refinement yielded a final R value of 0.2127. Additional data can be found in Appendix 




quality was poor, all hydrogen positions were calculated, including those in the MeOH and 
COOH ligands. The bond lengths/angles are consistent with previously published F64PcM 
structure.
23
 However, given the poor quality of the data, the numbers cannot be viewed as having 
a degree of precision that justifies a discussion. Overall, the structure is valuable for proving only 
atom connectivity, molecular conformation, aggregation and solid-state interactions, similar 
 
 
Figure 2. 7. ORTEP representation of [2-14] at 30% probability. Hydrogen atoms, except on the 
COOH group and MeOH solvent, were omitted for clarity in [2-14]. Color code: C, gray; F, light 





to [2-12]. The F48Pc moiety of the organic scaffold, shown in Figure 2.8, despite reduced 
intramolecular hindrance relative to the F64PcM scaffold, where M = Zn, Co, Cu, and V=O 
13, 
23,24,25
 retains a similar architecture, namely, aromatic F groups almost in the plane of the 
macrocycle and CF3 groups, above and below this plane, defining the fluorinated pocket. The 
ether phenyl group that bears the −COOH group, site of covalent attachments, is twisted by about 
70° away from the macrocyclic plane and extends, like an antenna, away from the F48Pc scaffold 
(Figure 2.8b). Dimers are formed and arranged head-to-head (Figure 2.8c) as opposed to 
 
Figure 2. 8. Molecular and solid-state structures of F48H7COOHPcCu•MeOH ([2-14]•MeOH). 
Color code: Cu, light blue; N, blue; O, red; C, gray; F, light green; H, white. (a) Molecular 
structure of [2-14] depicting the Cu and F atoms using their van der Waals radii and the rest of the 
atoms as ball and-stick. H atoms have been omitted for the sake of clarity. (b) [2-14] viewed 
along the Pc plane. (c) [2-14] dimer with all atoms depicted using their van der Waals radii. (d) 
Asymmetric unit showing the dimer of dimers. The para-substituted benzoic carboxylic acids and 





head-to-tail, as observed for [2-12], with the bulky i-C3F7 perfluoroalkyl groups in van der Waals 
contact with each other. The Pc planes are parallel, but the intradimer interplanar distance is about 
7 Å, also too long for any meaningful π−π interactions given that graphite, for example, exhibits 
3.35 Å interplanar separations. Similarly, the coordination number appears to be to be 5 based on 
MeOH axial coordination but could be 6 given that disordered MeOH molecules might be present 
in the space between the dimers (Figure 2.8d). Disordered, axial solvent coordination has been 
noted for F64PcZn
II
, whose metal exhibits no enthalpic ligand-field stabilization, but is also likely 
to occur for the isostructural F64PcCu
II
, which does, but is likely subject to Jahn−Teller distortions 
and thus facile ligand exchange in solution. Indeed, as seen in the MS spectra of [2-14] (see 
2.4.6.) spiking an EtOH solution of [F48H7COOHPcCuCl]
−
 with aqueous formic acid resulted in 
anion exchange to created the formate adduct, [F48H7COOHPcCuHCOO]
−
. The dimer motif is 
retained throughout the structure; the four independent molecules present in the asymmetric unit 
appear as a dimer of dimers whose intradimer mean planes make a 70° angle.
26
 The aggregation 
in solid-state prompted us to probe the aggregation propensity of [2-12] and [2-14] in solution 
using NMR and UV-Vis spectroscopy (2.4.3.). 
2.4.5. NMR Spectroscopy 
 







C-NMR spectra were not obtained due to the solubility limit 
of both complexes in deuterated solvents. 
19
F-NMR was used to determine the ratio of 
aliphatic/aromatic fluorines in [2-12] and [2-14] whose fluorine signals are shown in Appendix 





Table 2. 1. 
19
F-NMR chemical shifts of Pc complexes, ppm (signal widths at half heights). 
 
to the primary aliphatic fluorines in i-C3F7, aromatic fluorines adjacent to i-C3F7, and tertiary 




F-NMR of [2-12] revealed the 
characteristic chemical shifts with good signal-to-noise (S/N) ratios corresponding to the 
aliphatic, aromatic and tertiary fluorines at -71.35, -104.23, and -164.57 ppm, respectively (see 
Table 2.1). Peak integration resulted in the expected ratio of ~6:1:1 (aliphatic CF3: aromatic-F: 
tertiary-F). The assigned chemical shift values varied in comparison with the perfluoroalkyl Zn 
counterpart, [2-11], by 0.03, 0.15, and -0.05 ppm making it distinguishable. Coupling constants 
were unable to be calculated due to a lack of peak splitting. The signal width at half height values 
were small and anticipated for diamagnetic complexes, such as [2-12], as opposed to 
paramagnetic ones which are larger. 
1
H-NMR was used to confirm the five non-equivalent 
aromatic proton signals found in the phenoxy-benzoic acid tail in [2-12] (Appendix A). Initially, 
the 
1
H-NMR signals were near baseline, leading to poor S/N ratios and integration (Figure 2.9). 
A speculation could be coordination of the carboxyl group, via a carboxylate anion, to Zn in 
another molecule of [2-12] leading to a possible polymer network. Intramolecular coordination 
Complex Aliphatic -CF3 
chemical shift  
Aromatic –F 
chemical shift  
Tertiary –F 
chemical shift  
[2-10] -71.10 -93.70 -165.43 
[2-11] -71.32 (0.25) -104.08 (0.35) -164.62 (0.13) 
[2-12] -71.35 (0.18) -104.23 (0.35) -164.57 (0.15) 
[2-13] -70.00 -107.30 -164.20 
[2-14] -71.51 (0.19) -101.32 (3.24) -162.26 (1.34) 
Difference, δ [2-11]-[2-12] 0.03 0.15 -0.05 




was deemed unlikely due to the short length of the benzoic acid tail curling back and binding to 










Figure 2. 9. 
1
H-NMR spectrum of [2-9] and [2-12] before and after TFA addition in acetone-d6. 









Table 2. 2. 
1
H-NMR comparison of [2-9] versus [2-12] and [2-14], ppm 
 
end of the ether bond would also prevent the tail from curling back. Thus, the only other logical 
possibility was an intermolecular interaction between two or more molecules of [2-12]. Two 
drops of neat trifluoroacetic acid (TFA) were subsequently added in order to break this possible 
interaction by protonating the Pc carboxylate anion and coordinating a trifluoroacetate to the Zn 
center. High-resolution mass spectrometry (HRMS) of [2-12] as a trifluoroacetate adduct 
(Appendix B) provides further support for the latter observation. Surprisingly, this resolved the 
1
H-NMR spectrum in the aromatic region with excellent S/N and integration (Figure 2.9). The 
five characteristic signals were more pronounced and corresponded to the complex expected by 
symmetry. The aromatic signals of [2-12] differed by ~|Δδ| = 0.05-1.21 ppm (Table 2.2) thus 
distinguishing it from the starting material, [2-9]. In the case of [2-14], 
19
F-NMR revealed the 
characteristic signals of the aliphatic, aromatic, and tertiary fluorines at -71.51, -101.32, and -
162.26 ppm, respectively (Appendix A). The assigned chemical shift values varied significantly 
in comparison with the perfluoroalkyl Cu counterpart, [2-13], by 1.51, -5.98, and -1.94 ppm (see 
Table 2.2).
23
 The origin of the large chemical shift difference in the aromatic fluorines between 
[2-13] and [2-14] may be due to a difference in the π-electron conjugation of the macrocycle 
being affected by the paramagnetic metal center unlike the diamagnetic [2-13] and [2-14]. Despite 
Complex 
1
H-chemical shifts (ppm) 
[2-9] 7.31 7.56 7.76 8.08 8.14 
[2-12] 7.36 7.97 8.10 8.98 9.35 
[2-14] - - - - - 




the paramagnetism of [2-14], the 
19
F-NMR was still obtainable, however, the S/N ratio was 
acceptable for the aliphatic fluorines while the aromatic and tertiary fluorine S/N ratios were poor 
and difficult to integrate. Coupling constants were not calculated due to poor peak splitting 
patterns. [2-14] exhibits the following signal width at half height values 0.19, 3.24, and 1.24, a 
consequence of the paramagnetism. Paramagnetism can shorten the excited state NMR nuclei 
population during relaxation. As a result, the signals become broad, difficult to interpret and 
integrate. 
1
H-NMR was also affected by the Cu(II) metal center and unable to be interpreted 
properly (Appendix A). The only other means of structural characterization for this complex was 
high resolution mass spectrometry (see 2.4.6.) and X-ray diffraction (see 2.4.4.).  
2.4.6. High-resolution Mass Spectrometry 
 
 Electrospray ionization (ESI) was performed for [2-12] and [2-14] to confirm the 
proposed chemical structures. The results are shown in Table 2.3 in comparison with their 
theoretical monoisotopic masses. Theoretical isotope distribution patterns for [2-12] and [2-14] 
were identical for both observed and calculated spectra (Appendix B) with error no more than 10 
ppm which validated our proposed structures. Due to the enhanced Lewis acidity of these 
Table 2. 3. HRMS observed versus calculated values for Pcs with respective error calculation for 
proposed structure agreement.  
 
Complex Observed (m/z) Calculated (m/z) Error (ppm) 
[2-12]•Cl 1864.8833 1864.8900 3.6 
[2-12]•Trifluoroacetate 1940.9206 1940.9089 6.0 
[2-14]•Cl 1861.9026 1861.89319 5.0  




fluorinated materials, electron donating ligands are capable binding to the metal center generating 
negatively charged adducts detectable by ESI. Specifically, chloride, formate, and trifluoroacetate 
adducts were observed. Chlorides were typically encountered adventitiously while the formate or 
trifluoroacetate were intentionally added to the PcM complex using aqueous formic acid or 
trifluoroacetic acid solution. Interestingly, both complexes underwent ligand exchange displacing 
the chloride for a formate or trifluoroacetate. The latter was noted in the case of [2-12] which 
could provide support for the interpretation of the 
1
H-NMR data of [2-12] in 2.4.5.  
2.4.7. UV-Vis Spectroscopy  
 
Pcs are highly conjugated aromatic macrocycles with π-π* transitions observable by UV-
Vis spectroscopy. Their most prominent band is the Q-band (max = 600-800 nm) which is a 
unique spectroscopic signature of the Pc macrocycle or PcM complex far from most organic 
chromophores which absorb in the low-visible and/or UV region. 
Molecular symmetry can influence the Q-band peak shape and the associated electronic 
transitions. PcMs of D4h symmetry have a single Q-band corresponding to a single HOMO-
LUMO transition. Once symmetry is lowered from an AB4 to an AB3-type PcM, the Q-band is 
split into two different HOMO-LUMO transitions, a known observation present in other 
asymmetrical phthalocyanines.
28
 For example, in the case of [2-11] and [2-13], both complexes 
possess D4h symmetry thus leading to a Q-band corresponding to one HOMO-LUMO electron 
transition. However, in transitioning from F64PcM to F48H7COOHPcM, symmetry is lowered 
once one quadrant of the molecule bears a phenoxy benzoic acid tail, resulting in a split Q-band 
seen in Figure 2.10-2.11 for [2-12] and [2-14].  
UV-Vis aggregation studies were performed in order to determine the behavior of a 




may be a monomer, dimer, trimer, or any other higher order aggregate (i.e. tetramer, pentamer, 
etc.) in solution depending on the solvent properties such as polarity, pH, salt concentration, etc. 
Aggregation, specifically π-π stacking, is a mechanism for excited-state relaxation and can 
influence the observed photo-physics and photo-chemistry.
29
 This is a well-known observation in 
two-dimensional, planar phthalocyanines, especially in first generation materials, which were 
insoluble in most of the organic solvents routinely used. π-π stacking can shorten the excited state 
lifetime of the complex by preventing ISC, thus hindering singlet oxygen production. This can be 
diagnosed using UV-Vis spectroscopy by the appearance of blue-shifted bands (~630 nm) that 
increase/decrease at high/low concentrations or broad Q-bands.
29
  
Aggregation studies were performed in two different solvents of opposite polarity. 
Chloroform and ethanol were chosen due to their difference in polarity and deemed appropriate 
for this study. Pcs are monomeric in halogenated aprotic solvents while in polar protic solvents, 
dimers or higher order aggregates are prevalent.
30
 In both solvents, [2-12] was able to behave as a 
monomer in solution due to strict adherence to the Lambert-Beer law (Figure 2.10) and in 
accordance with literature
20a
 with extinction coefficients listed in Table 2.4. The high Q-band 
molar extinction coefficient values (log ε > 5) for [2-12] illustrates its high molar absorptivity. No 
metal-to-ligand charger transfer (MLCT) bands were observed in the 450-600 nm region which 
was expected due to the closed-shell d
10
 electronic configuration of Zn
2+
. Thus, the UV-Vis 
profile was strictly based on the ligand itself, F48H7COOHPc
2-
. [2-14] behaved similar to [2-12] 
as a monomer in solution (Figure 2.11). [2-14] contained comparable molar extinction 
coefficients and nearly identical λmax values as its Zn counterpart, [2-12], in both solvents. The 
monomeric behavior of [2-12] and [2-14] in solution is consistent with solid-state calculations 







Figure 2. 10. UV-Vis aggregation study of [2-12] in a) chloroform b) ethanol with associated 
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Figure 2. 11. UV-Vis aggregation study of [2-14] in a) chloroform b) ethanol with associated 
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F48H7COOHPcZn [2-12] CHCl3 710 (5.02), 672 (4.96), 608 (4.32), 378 (4.68) 
  EtOH 704 (5.10), 664 (5.02), 599 (4.40), 382 (4.81) 
F48H7COOHPcCu [2-14] CHCl3 711 (5.16), 673 (5.09), 607 (4.46), 362 (4.80) 
  EtOH 703 (5.08), 663 (5.04), 599 (4.40), 374 (4.74) 
Table 2. 4. UV-Vis absorption maximum and molar extinction coefficients for [2-12] and [2-14] 
in CHCl3 and EtOH. 
interactions were present between the perfluoroisopropyl groups in the unit cell, these interactions 
are unable to be detected using a conventional UV-Vis spectrophotometer due to its lack of 
atomic-level resolution and do not affect the Pc photo-physics and photo-chemistry.Thus, the 
rational design of [2-12] and [2-14] is ideal for single-site catalysis. 
 
2.4.8. Fluorescence Quantum Yield and Lifetime Measurements 
 
Pcs are well known to have excellent fluorescence capabilities which have been exploited 
for tumor cell imaging and diagnostic purposes.
31 
Their emission spectra appear in the red to near-
IR region avoiding tissue autofluorescence and background interference.
32
 The fluorescence 
efficiency of a fluorophore is critical during the selection process which is routinely determined 
by the relative fluorescence quantum yield and singlet excited state lifetime. Ideally, a Pc with a 
high fluorescent quantum yield and long-lived singlet excited state lifetime would be considered 
an excellent candidate. This would be a consequence of the Pc having a low molecular weight and 
a rigid structure. Incorporation of heavy transition metals or atoms (i.e. halogens) in Pc tends to 
favor intersystem crossing upon photon absorption to further generate ROS or undergo 
phosphorescence thus lowering fluorescence quantum yields. Light diamagnetic metals, such as 
Zn
2+
, are preferred and proved successful as contrast agents.
31
 Pcs with open-shell, paramagnetic 
metals, such as Cu
2+
, do not fluoresce due to unpaired d-subshell electrons introducing alternative 






The fluorescence capabilities of both [2-12] and [2-14] were revealed using 
spectrofluorimetry in order to determine the fluorescence quantum yield and singlet excited state 
lifetime. [2-12] was excited at 615 nm in order to minimize reabsorption effects
21a
 and monitored 
at 630-800 nm for fluorescence emission. Fluorescence emission spectra for [2-11] and [2-12] are 
shown in Figure 2.12. The wavelength emission maximum (λem) for [2-11] was determined to be 
692 nm with a Stoke’s shift of 10 nm from the Q-band at 682 nm. In the case of [2-12], the 
emission maximum was determined to be 714 nm and the Stoke’s shift was determined to be 9  
 
Figure 2. 12. Fluorescence emission spectra comparison of [2-11] vs [2-12] (λexc = 615 nm). 
nm from the Q-band at 705 nm. [2-11] was initially determined to have a Φf  = 0.15 in EtOH 
calculated relative to PcZn (Φf = 0.20, DMSO).
22
 [2-12] was then measured relative to [2-11] in 





































fluorescence quantum yield of [2-12] was lower, an indication of quenching, and calculated to be 
approximately 50% (Φf = 0.07) relative to [2-11].
26
 A possible quenching mechanism could be the 
increased degree of freedom of [2-12] relative to [2-11]. Upon photon absorption,
 1
Pc1 may 
dissipate its energy into vibrational motion via the flexible phenoxy-benzoic acid tail thus serving 
as a relaxation pathway as opposed to fluorescence emission which leads to fluorescence 
quenching. [2-13] and [2-14] showed no fluorescence whatsoever which was anticipated due to 
the paramagnetism exhibited by d
9
 configuration in Cu
2+
. The unpaired electron in Cu(II) may 
introduce alternative pathways which disfavor emission.
33
 Some papers have shown detectable 
fluorescence from PcCu samples at liquid cryogen temperatures and from scanning tunneling 
microscopy measurements.
33,34
 However, these detected emissions were extremely low which 
may exclude them from potential use as fluorophores for diagnostics. 
 
Time-resolved fluorescence measurements were carried out to measure the fluorescence 
emission decay profile and determine the singlet excited state lifetime of [2-12]. [2-14] exhibited 
no fluorescence as mentioned previously. A 671 nm laser light source was used for time-resolved 
fluorescence emission measurements. The fluorescence emission decay profile for [2-12] is 
shown in Figure 2.13. [2-12] was calculated to have a fluorescence lifetime of 1.95 ns using a 
single-exponential decay model. The decay profile showed a good fit with the decay model 
according to the goodness-of-fit parameter, χ2 ~1.0, and a randomly distributed weighted residuals 
plot.
26
 The lifetime of [2-12] is shorter than the quantum yields and lifetimes of H16PcMg and 
H16PcZn (7.2, 3.8 ns, respectively) previously determined in alcoholic solvent.
35
 The short 
lifetime was expected due to low fluorescence quantum yield of [2-12] as per the direct 
correlation between the fluorescence quantum yield and the singlet excited state lifetime,
21b
 τ = 





Figure 2. 13. Time-resolved emission of [2-12] (red) overlaid with the instrument response time 
(blue). A single exponential decay model (green) was utilized for the convolution fit of the 
sample and instrument response profile. The weighted residual plot is shown below. χ2 ~1.0. 
 
quantum yield). 
2.4.9. Singlet Oxygen Production 
 
1
O2 exists predominantly in the 
1Δg state and is electrophilic in nature due to the vacant 
antibonding π* molecular orbital while the other degenerate π* molecular orbital is occupied by 
the spin-paired electrons thus allowing for oxidation of singlet substrates. Cycloaddition reactions 





Scheme 2. 2. Photo-hydroperoxidation of β-(-)-citronellol reaction scheme.36a 
 
β-(-)-citronellol, [2-15], belonging to the terpene class of molecules well known for their odor, is 
utilized in the fragrance industries as a precursor for the industrial scale synthesis of a perfume 
additive, known as Rose Oxide.
36a
 Furthermore, [2-15] is also a singlet oxygen trap.  Singlet 
oxygen can react with [2-15] via a concerted Schenck-ene mechanism
36a
 to generate a racemic 
 
 











hydroperoxide mixture, [2-16] and [2-17], shown in Scheme 2.2. The Schenk-ene mechanism for 
the photo-hydroperoxidation reaction of [2-15] to generate [2-16] and [2-17], is shown in Figure 
2.14. According to this mechanism,
36a
 the alkene in [2-15] undergoes electrophilic addition with 
1
O2. After the addition, a proton is subsequently abstracted from the allylic position leading to a 
double bond migration to generate [2-16] and [2-17]. The oxidized products are stable and can be 
characterized by 
1
H-NMR and reverse-phase HPLC for structure assignment and hydroperoxide 
quantifications. The reaction is highly regiospecific with [2-16] and [2-17] being the only 
products. At 25 °C, 24.45 mL oxygen is the theoretical volume required to completely consume 1 
mmol of [2-15]. The scope of this subsection will be focused on the singlet oxygen producing 
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Table 2. 5. Kinetic parameters for the photo-oxidation of β-(-)-citronellol using photocatalysts, 



































[2-11] 33.6 560.0 1000.0 1000.0 
[2-12] 29.1 485.1 1000.0 1000.0 
[2-14] 11.5 192.9 1000.0 1000.0 
a
Initial reaction rate, μmol O2 min−1, calculated from the linear fit portion in the Figure 2.15. 
b
Turnover frequency, mmol substrate s−1 mol Pc−1, calculated under pseudo-first order conditions. 
c
Total oxidation number after 5 h, calculated stoichiometrically as: (final recorded O2 volume [mL] / molar volume 
of O2 at 25 °C [24.45 mL mmol−1]) × (1000 [μmol substrate mmol O2−1] / nPc [μmol Pc] ). 
*
Abbreviation for β-(–)-Citronellol. 
 
capabilities of [2-12] and [2-14]. The photo-hydroperoxidation kinetics of [2-15] is shown in 
Figure 2.15 using [2-12] and [2-14] as photo-catalysts and further complemented by the kinetic 





) and substrate turnover frequency (TOF, 485.1 mmol β-(-)-cit. s-1 mol Pc-1) nearly 
comparable to its perfluorinated Zn counterpart,
37





mmol β-(-)-cit. s-1 mol Pc-1, respectively) an expected observation for a catalyst that behaves as a 
monomer in solution. In comparison with [2-11], the 25% loss in fluoroalkyl composition in [2-
12] does not appear to have a significant influence on the singlet oxygen producing capabilities of 





), although lower than [2-12], and substrate turnover (192.9 mmol β-(-)-cit. s-1 mol Pc-1). [2-14] 
does not plateau at the same final oxygen consumption value as [2-12] despite the catalyst being 
stable post-reaction (vide infra). Catalyst modification and/or deactivation during the reaction 
seems unlikely due to the absence of unreacted starting material (Figure 2.17-2.18). This 




14] is surprising and contrary to conventional wisdom that paramagnetic metal phthalocyanines 
are incapable of producing singlet oxygen. 
Both [2-12] and [2-14] have reduced fluorine content in comparison to their perfluorinated 
counterparts [2-11] and [2-13], respectively. The phenoxy-benzoic acid tail was a concern in both 
cases due to its susceptibility to chemical oxidation and Pc degradation. However, both 
complexes are stable post-reaction with no change observed in their UV-Vis profiles as shown in 
Figure 2.16. Slight solvent evaporation was noted in both cases leading to increased absorbance 
post-reaction. 
1
H-NMR and RP-HPLC analysis revealed 100% substrate conversion to the 




Figure 2. 16. UV-Vis monitored catalyst stability pre- and post-photo reaction for [2-12] (left) 






















































 This is a clear indication of a stoichiometric consumption of oxygen by the substrate 
initially injected into the reaction. The three fluoroalkyl quadrants in both complexes [2-12] and 
[2-14] are sufficient to not only hinder aggregation but also protect the macrocycle and metal 
center from chemical oxidation, a similar observation noted in the case of its asymmetric 
perfluorinated counterpart F52PcZn.
20a
 Three fluoroalkyl quadrants, as seen in other fluorinated 
PcM complexes,
27
 may be suffice for catalytic applications. 
Figure 2. 17. 
1
H-NMR monitored conversion of [2-15] to [2-16] and [2-17] using [2-12] (blue 
trace) and [2-14] (green trace) as photo-catalysts. NMR chemical shifts are referenced to CDCl3 







Figure 2. 18. Reverse-phase HPLC monitored conversion of [2-15] (bottom) to [2-16] and [2-17] 
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 In conclusion, the carboxy-derived fluoroalkyl zinc and copper phthalocyanines have been 
successfully isolated and characterized. Single-crystal X-ray diffraction studies revealed their 
molecular conformation and organization in solid-state, despite the difficulty in obtaining single 
X-ray quality crystals and weak diffraction patterns. Although van der Waals interactions were 
noted in F48H7COOHPcZn and F48H7COOHPcCu complexes between the fluoroisopropyl groups, 
π-π stacking between Pc rings is hindered. Both 19F- and 1H-NMR spectra were obtained with 
good S/N ratios for F48H7COOHPcZn but poor S/N ratios for the F48H7COOHPcCu due to the 
latter being paramagnetic. The identity of both complexes was confirmed using HRMS with their 
proposed chemical structures, capable of undergoing ligand exchange by formate or 
trifluoroacetate ion from their chloride adducts in solution. F48H7COOHPcZn was fluorescent 
while F48H7COOHPcCu was not as expected due to their difference in magnetic properties. Both 
metal complexes were photo-chemically active in photo-hydroperoxidizing β-(-)-citronellol, albeit 
at different rates (F48H7COOHPcZn > F48H7COOHPcCu), and capable of complete substrate 
conversion. In view of this, despite their difference in magnetic properties, both complexes 
demonstrate utility as potential photosensitizers for bioconjugation to tumor-seeking biomolecules 
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 Cancer is a worldwide public health problem and is the second leading cause of death in 
the United States. In 2018, 1,735,350 new cancer cases and 609,640 cancer deaths are projected to 
occur in the United States,
1
 an increase from last year’s projected estimate.2 In simplified terms, 
cancer involves rapid, uncontrolled cellular division leading to metastatic tumor growths that 
spread throughout the body, depriving it of essential nutrients for proper function and survival. 
Radiation, chemotherapeutics, and surgery are the routine treatment strategies utilized alone or in 
combination for inducing cancer remission. Radiation and chemotherapy involve the use of toxic 
materials which emit particle radiation and induce cytotoxicity, respectively. Surgery requires 
excision inside the patient to remove tumor growths and masses. Although these strategies have 
demonstrated success in the clinic, they are not without disadvantages, namely, unwanted side-
effects which may be harmful to the patient’s well-being during the recovery period. Radiation 
and chemotherapy, somewhat non-selectively target both cancer and normal cells. Surgery is 
invasive leading to long recovery periods for healing and scarring with the latter being 
cosmetically unappealing. The use of non-cytotoxic, minimally invasive treatment strategies are 
necessary to mitigate side-effects and recovery periods post-treatment. 
 Photodynamic therapy (PDT) can be utilized as an alternative, non-invasive treatment 
strategy for cancer therapy and diagnostics (theranostics). As discussed in Chapter 2, Pcs can be 
used as tumor cell photosensitizing agents for PDT-based treatment. Their 
1
O2 production can be 
exploited outside on the tumor cell membrane surface or inside the cytosol to oxidize 
biomolecules critical for tumor cell function and survival ultimately leading to apoptosis and/or 
necrosis. The fluorescence or phosphorescence of the Pcs can facilitate tracking for cancer cell 
localization and progression.
3




topically or in the vein of the patient under treatment.
4
 The former is facile since the tumor 
growth is on the skin where the Pc can be locally applied. The latter, on the other hand, can lead 
to uncontrolled non-specific Pc biodistribution which may hamper the PDT effect due to 
insufficient Pc concentration at the target site. One can assume that because the Pc is only 
activatable at the illumination site wherein the Pc is localized, the remainder may not affect 
surrounding parts of the human body in which they reside. However, the risk of off-target toxicity 
remains by the Pc alone even in the absence of light. Therefore, second generation Pcs were 
developed for covalent attachment to biovectors, such as oligonucleotides, peptides and 
antibodies in order to improve their PDT performance by specifically targeting tumors.
5-8
 
However, for oligonucleotides, their recognition capabilities are limited to the gene level as 
opposed to antibodies which target a wider range of antigens. Antibodies can also be difficult to 
prepare and low yielding. Peptides can be utilized as more efficient biomolecules for tumor cell 
targeting due to their cost-effective preparations, high yields and purity, as well as tumor cell 
recognition capabilities.    
Tumor-homing peptidic ligands demonstrate utility as drug delivery vehicles.
9,10
 Tumor 
cell recognition is critical and imparts specificity to a drug to minimize off-target side-effects and 
enhance its therapeutic index. A variety of drugs have been covalently conjugated to homing 
peptides to generate tumor-targeting bioconjugates leading to higher therapeutic indices relative 
to their unconjugated forms.
11,12
  Cyclic peptides have also shown promise, in comparison to their 
linear counterparts, in drug delivery for cancer treatment.
13
 For example, a series of peptidic 
ligands have been generated using phage-display biopanning experiments for tumor-cell targeting 
and penetration of human melanoma Me6652/4 tumor cells.
13
  A 13-mer cyclic peptide, known as 




cells displaying non-tumorigenic features. The cyclic conformation in Pep42, as opposed to its 
linear counterpart, was a necessary prerequisite for tumor cell binding and internalization via 
receptor-mediated endocytosis.
14
 Further data revealed that Pep42 was a specific ligand for the 78 
kilodalton glucose-regulated protein (GRP78),
14
 a member of the heat shock family HSP70. 
GRP78 plays a pivotal role in normal cells as an intracellular chaperone protein in the 
lumen of the endoplasmic reticulum (ER), responsible for regulating protein-folding/misfolding 
events. This activity is part of the unfolded protein response (UPR) and is one of the many 
responses towards protecting the cells against stress-inducing stimuli.
15
 In cancer, GRP78 is 
overexpressed and localized on tumor cell surface membranes where it contributes towards tumor 
growth, progression, and even drug resistance.
16
 Furthermore, GRP78 has been found on the 






 Given the tumor-homing capabilities of Pep42 and the GRP78 cell-surface expression in a 
wide range of cancer cells,
13,14,16-18
 but absence in normal cells, the 
1
O2 generator, 
F48H7COOHPcZn, was conjugated to a series of Pep42 sequences to generate a small library of 
bioconjugates (Figure 3.1). Polyarginine residues were incorporated into Pep42 to impart 
hydrophilicity, increase its cell permeability and uptake capabilities without causing toxicity.
18
 
The PEG6 spacer is hypothesized to further increase the hydrophilic character of the bioconjugate 
and thus enhance the PDT performance by improving its bioavailability.   
This chapter discloses the synthesis, characterization, and preliminary biological 






















Figure 3. 1. Small library of Pep42-F48H7CONHPcZn bioconjugates, [3-1]-[3-3]. 
 
[3-1] 








F48H7CONH-AHX-Pep42, [3-1], was synthesized by coupling [2-12] to resin-bound 6-
aminohexanoic acid (AHX) AHX-Pep42, [3-4], using 2-(6-chloro-1H-benzotriazole-1-yl)-1,1,3,3-
tetramethylaminium hexafluorophosphate (HCTU) coupling conditions. Pep42 was prepared 
using Fmoc solid-phase peptide synthesis on a NovaPEG Rink amide resin.
14
 Specifically, the N-
terminus of Pep42 was coupled to AHX prior to the bioconjugation reaction to generate [3-4]. [2-
12] (23.75 mg, 0.013 mmol) and resin-bound [3-4] (25 mg, 0.013 mmol) were reacted with 
HCTU (5.35 mg, 0.013 mmol) and NMM (2.85 μL, 0.026 mmol) in N,N-dimethylformamide 
(DMF; 1.5 mL) under continuous shaking for 16 hr at 25 °C. The resin-bound bioconjugate was 
washed with 2 × 15 mL DMF, methanol (MeOH), and dichloromethane (DCM) to remove any 
unreacted [2-12] and excess coupling reagents, cleaved, and deprotected for 4 hr using 
trifluoroacetic acid (TFA)−triethylsilane (TES)−water (H2O) (2.0 mL, 95:2.5:2.5, v/v/v). 
Filtration and precipitation with 3 × 15 mL cold diethyl ether followed by centrifugation yielded 
[3-1] as a dark-green pellet (23% yield). Reverse-phase high-performance liquid chromatography 
(RP-HPLC) analyses were performed using a Waters 2695 Alliance Separations Module with an 
Eclipse XDB C-18 column (4.6 × 150 mm, 5 μm particle size). Binary gradients of solvents A and 
B were employed at 1 mL min
−1
 flow rate, where A is 0.1% formic acid in deionized H2O and B 
is 0.1% formic acid in spectrophotometric-grade MeOH. A photodiode-array detector validated 
the peptide and Pc absorptions at 220 and 680 nm, respectively. 
F48H7CONH-AHX-Pep42-R9, [3-2], was synthesized by coupling [2-12] to resin-bound AHX-




peptide synthesis on a NovaPEG Rink amide resin.
14
 Specifically, the N-terminus of Pep42-R9 
was coupled to AHX prior to the bioconjugation reaction to generate [3-5]. [2-12] (23.75 mg, 
0.013 mmol) and resin-bound [3-5] (25 mg, 0.013 mmol) were reacted with HCTU (5.35 mg, 
0.013 mmol) and NMM (2.85 μL, 0.026 mmol) in DMF (1.5 mL) under continuous shaking for 
16 hr at 25 °C. The resin-bound bioconjugate was washed with 2 × 15 mL DMF, MeOH and 
DCM to remove any unreacted [2-12] and excess coupling reagents, cleaved, and deprotected for 
4 hr using TFA−TES−H2O (2.0 mL, 95:2.5:2.5, v/v/v). Filtration and precipitation with 3 × 15 
mL cold diethyl ether followed by centrifugation yielded [3-2] as a purple pellet (7% yield).  
F48H7CONH-PEG6-Pep42-R9, [3-3], was synthesized by coupling [2-12] to resin-bound PEG6-
Pep42-R9, [3-6], using HCTU-coupling conditions. Pep42-R9 was prepared using Fmoc solid-
phase peptide synthesis on a NovaPEG Rink amide resin.
14
 Specifically, the N terminus of Pep42 
was capped with d-(PEG)6 prior to the bioconjugation reaction to generate [3-6]. [2-12] (23.75 
mg, 0.013 mmol) and resin-bound [3-6] (25 mg, 0.013 mmol) were reacted with HCTU (5.35 mg, 
0.013 mmol) and NMM (2.85 μL, 0.026 mmol) in DMF (1.5 mL) under continuous shaking for 
16 hr at 25 °C. The resin-bound bioconjugate was washed with 2 × 15 mL of DMF, MeOH, and 
DCM to remove any unreacted [2-12] and excess coupling reagents, cleaved, and deprotected for 
4 hr using TFA−TES−H2O (2.0 mL, 95:2.5:2.5, v/v/v). Filtration and precipitation with 3 × 15 
mL cold diethyl ether followed by centrifugation yielded [3-3] as a purple pellet (2.8% yield).  
3.3.2. UV-Vis Aggregation Study 
 
Electronic absorption spectra of F48H7CONH-AHX-Pep42, [3-1], were collected using a 
Cary 500 UV-Vis NIR spectrophotometer (Model EL01044985) equipped with Varian CaryWin 




samples were prepared as dilute solutions in anhydrous EtOH. Solutions were freshly prepared on 
the day of the absorbance measurements. All absorptions were corrected to zero at 800 or 500 nm. 
Gradually lower concentrations (8.0-1.5 M), for determination of molar extinction coefficients 
were obtained by sequential volume dilutions of an initial 50.0 mL stock solution. The remaining 
bioconjugates, [3-2]-[3-3], could not be measured and compared due to their insolubility in EtOH. 
 
3.3.3. MOPAC Molecular Modeling  
 
Geometry optimizations of [3-1]  were performed using MOPAC 2016 equipped with the 
PM7 module in the gas phase. Once the gradient converged to a value under 1, the resulting 
architecture was compared with experimental observations and the X-ray structure of the F48Pc 
scaffold (see Chapter 2).  
 
3.3.4. Peptide Secondary Structure Study 
 
Peptide secondary structures of [3-4], and [3-1] in solution were determined using circular 
dichroism (CD) spectroscopy (molar ellipticity vs wavelength) in trifluoroethanol (50 μM). The 
bioconjugate samples were measured using an Aviv 62A DS (Lakefield, NJ) CD 
spectrophotometer. Three scans using 1 nm bandwidth and 0.5 nm step size from 190 to 260 nm 
at 25 °C were averaged, and the data was smoothed and converted to molar ellipticity using the 
equation [θ] = θ/cl, where θ is the relative ellipticity, c is the molar concentration, and l is the path 
length of the cell (10 mm). The remaining bioconjugates, [3-2]-[3-3], could not be measured and 




3.3.5. Singlet Oxygen Production 
 
A custom made photo-catalytic apparatus measuring O2 uptake was used to conduct 
photo-hydroperoxidation reactions of the 
1
O2 trap, β-(-)-citronellol. Dosimat (no. 4) was 
connected to a computer for automatic data collection. The three-way tap (no. 6) regulated the O2 
gas in-flow to fill the Dosimat first and then turned towards the condenser to flow O2 through the 
reaction vessel. The gas inlet (no. 1) was connected via tight tubing to an external gas cylinder. 
The water circulating bath was used to maintain constant ambient temperature (25 °C).  
 
Figure 3. 2. Components of the catalytic oxidation equipment. (1) Gas inlet; (2) thermostated 
water inlet; (3) cable connected to computer for data collection (4) Dosimat; (5) oxygen reservoir; 
(6) three-way tap; (7) electrical couple for Dosimat dispenser control; (8) mercury switch; (9) 
magnetic stirrer; (10) 100 mL double-wall glass reaction vessel; (11) solution inlet; (12) light 
source. (Image courtesy of Dr. Hemantbhai Patel).
23b








O2 generation and in situ photo-hydroperoxidations of [2-15] were performed at 25 ± 0.2 
°C under an O2 atmosphere (99.998% purity) in a closed, 100 mL, thermostated, double-wall 
jacketed glass vessel. The reaction mixture consisted of 20 ± 2 μM photocatalyst dissolved in 50 
mL of anhydrous EtOH containing 182 μL (1.0 mmol) of [2-15]. Illumination was performed 
using a 300 W halogen lamp with a light intensity of 2.8 ± 0.1 × 10
5
 lux, measured at the outer 
wall of the reaction vessel with a light meter. O2 consumption was monitored with a computer-
interfaced Dosimat 665 (Metrohm, Herisau, Switzerland) gas titrator. The catalyst stability under 
the reaction conditions was monitored via UV−Vis (300−800 nm) measurements before and after 
the photo-reaction. Calibration was performed using [2-12] as the experimentally established 








H-NMR was used to monitor 
conversion of [2-15] to its hydroperoxide regiosomers, [2-16]-[2-17], by concentrating the crude 
reaction mixture then dissolving in CDCl3. A linear gradient of acetonitrile/0.1 M phosphoric acid 
45-65% over 25 mins using a Zorbax Eclipse XDB-C18 column (5 μm, 4.6 x 150 mm) was 
utilized for reverse phase HPLC quantification of [2-16]-[2-17].  
3.3.6. Spectrofluorimetry 
 
Steady-state fluorescence emission spectra were recorded using a Horiba Jobin Yvon 
Fluorolog-3 (FL3-11) spectrofluorometer equipped with a 450 W Xenon lamp and using 
FluorEssence v3.5 software. Fluorescence quantum yields were calculated using the comparative 
method
24










where if and 
s














the refractive indices of the solvents for the sample and standard. Anhydrous ethanol was used for 
measurements of the PcMs. [3-1] was measured relative to [2-12] (Φf = 0.07 in EtOH). Singlet 
excited-state lifetimes were measured using the time-correlated single photon counting 
technique.
26
 Samples were excited using a 671 nm NanoLED laser with a pulse width of < 200 ps. 
The instrument response time was 22 ps (full width at half-maximum) determined with an 
aqueous colloidal silica suspension (Ludox) and setting the emission monochromator at the 
excitation wavelength, 671 nm.  Sample concentration was adjusted to minimize inner filter 
effects. Lifetime data were processed using DataStation v6 and was fit to a single-exponential 
decay with χ2 ~1.0. 
3.3.7. Time-dependent Hep2 cell-uptake 
 
 The Hep2 cell line was purchased from ATCC (Manassas, VA). The culture medium and 
reagents were purchased from Life Technologies (Carlsbad, CA). Hep2 cells were cultured in the 
medium (DMEM : Advanced = 1:1) containing 10% fetal bovine serum (FBS) and 1% antibiotic 
(Penicillin-streptomycin). A 32 mM compound stock solution of bioconjugate, [3-1]-[3-3], was 
prepared by dissolving the compound in 96% DMSO and 4% Cremophor. In order to avoid 
changing the compound concentration, the solution was sonicated instead of being filtered. Hep2 
cells were plated at 15,000 cells per well in a Costar 96-well plate (BD biosciences) and grown 
overnight. The 10 µM compound working concentration was made by diluting the stock solution 
with medium containing 5% FBS and 1% antibiotic. The cells were treated by adding 100 µL 
/well of 10 µM working solution at the following time points: 0, 1, 2, 4, 8, and 24 hr. The loading 
medium was removed at the end of the treatments.  The cells were washed with 1X Phosphate 




standard curve, 10, 5, 2.5, 1.25, 0.625, and 0.3125 µM, was made by diluting the stock solution 
with 0.25% Triton X-100 in 1X PBS. A cell standard curve was prepared using 10,000, 20,000, 
40,000, 60,000, 80,000, and 100,000 cells per well. The cells were quantified by CyQuant Cell 
Proliferation Assay (Life Technologies). The compound and cell number were determined using a 
FluoStar Optima micro-plate reader (BMG Labtech, Cary, NC), with wavelengths 580/720nm for 
compound and 485/520 nm for cells, respectively. Cellular uptake was expressed in terms of nM 
compound per cell. 
3.3.8. Cytotoxicity Effects on Hep2 cells 
 
Dark toxicity, Hep2 cells were plated in a 96-well plate, with the bioconjugates [3-1]-[3-
3], at concentrations of 200, 100, 50, 25, 12.5, and 0 µM. Four experiments were conducted for 
each concentration, and then incubated at 37 °C for 24 hr.  After 24 hr incubation, the 
bioconjugates were removed by washing cells with 1X PBS and replaced with media containing 
20% cell titer blue. The cells were incubated for an additional 4 hr at 37 °C.  The viable cells were 
measured at 570/615 nm using a FluoStar Optima micro-plate reader.  The dark toxicity was 
expressed in terms of the percentage of viable cells. 
Light toxicity, Hep2 cells were plated in 96 well plates as described before, and treated 
with the bioconjugates [3-1]-[3-3] for 24 hr at 37 °C. The concentration range used for the 
bioconjugates [3-1]-[3-3] was 100, 50, 25, 12.5, 6.25, 3.125, and 0 µM for the phototoxicity 
experiments. After 24 hr treatment, the loading media was removed. The cells were washed with 
media, and then refilled with fresh media.  The cells were exposed to a 600 W halogen lamp light 
source filtered with a water filter and a beam turning mirror 200 nm - 3 µm (Newport) for 20 min. 
The total light dose was approximately 1.5 J cm
-2
 (~1.03 x 10
7




cells were returned back to the incubator for another 24 hr. After 24 hr incubation, the medium 
was removed and replaced with media containing 20% cell titer blue. The cells were incubated for 
an additional 4 hr.  The viable cells were measured according to the fluorescence emission 
detected at 570/615 nm using a FluoStar Optima micro-plate reader. The phototoxicity was 
expressed in terms of the percentage of viable cells.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
3.4. Results and Discussion 
3.4.1. Synthesis  
 
The synthesis of the bioconjugates sequences, [3-1]-[3-3] was accomplished via solid 
phase bioconjugation of the corresponding resin-bound peptide and [2-12] using uronium-based 
coupling reagents, HCTU, and base, NMM, in DMF (Scheme 3.1). Following bioconjugation, the 
 
 
Scheme 3. 1. Schematic representation of the reactions of resin-bound peptides, [3-4]-[3-6], with 




samples were cleaved and deprotected to yield the bioconjugates [3-1]-[3-3], in isolated yields of 
3-23%. The low yields can be explained by the interactions between the peptide sequence and the 
resin. Specifically, the NovaPEG Rink amide resin is a hydrophilic polyethylene glycol-based 
resin ideal for generating hydrophobic peptide sequences while hydrophilic sequences are prone 
to aggregation due to intermolecular interactions.
19
 In the case of [3-1], AHX-Pep42 is 
hydrophobic, but exhibits minimal aggregation on the polar resin, potentially allowing the 
terminal amino group in the C6-spacer to react more efficiently with the carboxy-activated PcZn. 
In the case of [3-2] and [3-3], stronger intermolecular forces can exist between these 
bioconjugates and the PEG-based resin due to the hydrophilic R9 residues in the former and R9 
and PEG6 spacer in the latter, leading to peptide aggregation, thus hindering bioconjugation 
between the reactive amino group from the linker and the activated F48H7COOHPcZn, resulting in 
lower yields. 
 A solvent-screen study of [3-1] revealed that it has the highest solubility in EtOH relative 
to acetonitrile, ethyl acetate, hexanes, water, methanol, toluene, chloroform. Trifluoroethanol, an 
acidic solvent (pKa = -0.3 ± 0.1) also achieved the same result as EtOH. [3-2] and [3-3] were 
prone to aggregation and would not dissolve in organic or aqueous solvents, unless highly acidic 
solvents such as TFA were used. The aggregation may be due to coordination of the side chain 
arginine(s) with the electron-deficient Zn metal center to generate an insoluble polymer network. 
This is not an unlikely situation due to arginine’s high pKa value (pKa = 13.8 ± 0.1).20 Acidic 
solvents could possibly protonate the arginine residues and disrupt this coordination. 
Interestingly, [3-2]-[3-3] had 50% water solubility in a 1:1 mixture of acetontrile (1% TFA)/water 






 Although the limited solubility of [3-2] and [3-3] was circumvented with the use of protic 
organic solvents such as TFA, RP-HPLC analyses were unable to be performed due to their 
strong interactions with the reverse-phase column stationary phase. Pure MeOH or ACN failed to 
elute the bioconjugates from the column. In the acidic TFA solvent, [3-2] and [3-3] are 
hypothesized to convert to the trifluoroacetate salts which would further increase its hydrophobic 
character and interact strongly with the stationary phase while minimizing sample elution from 
the column. HRMS analyses of the [3-2] and [3-3] also failed to prove the identity of the 
bioconjugates due to the lack of ionization, presumably due to TFA’s strong ion pairing ability 
leading to MS signal suppression.
21
 Other chromatography techniques, such as ion-exchange 
chromatography, may not be considered as an alternative due to insolubility of the bioconjugates 
in salt-based eluents and their preference for organic solvents. As a result, only [3-1] was fully 
characterized while [3-2]-[3-3] were only utilized for biological studies in conjunction with [3-1]. 
RP-HPLC was necessary to validate the purity of [3-1] and the presence of both Pc and peptide 
components. Retention time comparisons were made between the native Pep42 peptide, [3-4], and 
the bioconjugate [3-1], as shown in Figure 3.3 and Table 3.1. [3-1] was found to be significantly 
more retained (22.39 min vs 9.89 min, 20-98% MeOH (0.1% FA)/Water (0.1% FA)) on the RP 
HPLC column when compared to the native sequence due to the additional hydrophobic character 
imparted by the fluoroalkyl Pc scaffold. Furthermore, the bioconjugate was isolated in good 
purity (> 95%) and did not require further purification (Figure 3.3). UV-Vis detection confirmed 
both peptide bond (max: 220 nm) and the Pc’s Q-band (max: 680 nm) absorptions. The expected 
mass of the bioconjugate was confirmed by ESI-MS analysis as the [M+H]
+




Figure 3. 3. RP-HPLC of F48H7CONHPcZn-AHX-Pep42, [3-1], at a) 220 and b) 680 nm 
detection.  
corresponding to a single positive charge state due to the single arginine residue in the sequence 














































Table 3. 1. LC-MS characterization data for [3-1] and [3-4].  
a
Crude purities by RP-HPLC at 220 nm using linear gradient 20-98% MeOH (0.1% FA)/Water (0.1% FA) over 30 
mins.  
b
Isolated yield based on resin loading. 
c
Observed mass (expected mass) as [M+H]
+
/Z as detected by ESI-MS . 
d
Charged state of peptide as detected by LCMS in positive mode. 
e
Retention time using linear gradient 20-98% 












































    












3.4.3. UV-Vis Aggregation Studies 
 
UV-Vis spectroscopy was utilized to assess changes in the Pc frontier orbitals in the Q- 
and B-band regions after bioconjugation. Absorption measurements for [3-1] were performed in 
EtOH but not CHCl3 due to the bioconjugate’s lack of solubility in the latter solvent, usually ideal 
for producing Pc monomers (see Chapter 2). A concentration-dependent aggregation study (8.0-
1.5 μM) was performed in order to determine the influence of the peptide sequence on the lack of 
aggregation propensity of the Pc complex. Hydrophobic interactions were a possibility for [3-1] 
due to its chemical composition. Aggregation, as discussed in Chapter 2, is a relaxation pathway 
for the excited state of Pc complexes and thus detrimental to the photo-physical and photo-
chemical, properties required for PDT. Despite EtOH promoting Pc aggregation,
22
 [3-1] displayed 


















Figure 3. 5. Concentration-dependent UV-Vis absorption spectra of [3-1] in EtOH. Inset: 
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Table 3. 2. UV-Vis absorption maxima and molar absorptivity values of [2-12] relative to [3-1] in 
EtOH.  
 
[2-12], [3-1] displayed similar Q- and B-band absorptions and molar absorptivity values (Table 
3.2).
23a
 [3-1] also behaves as a single monomeric entity due to strict adherence to the Lambert-
Beer equation (Figure 3.5).  
3.4.4. Peptide Secondary Structure Study 
 
Peptide secondary structures of [2-12] were determined by CD spectroscopy in 
trifluoroethanol (TFE), a solvent known to stabilize peptide secondary structures.
25a
 Molecular 
Figure 3. 6. CD spectral comparison of [3-1] and [3-4]. The arrows indicate the key characteristic 
signals of the α-helical structure of the peptides both in its Pc-conjugated and unconjugated forms. 





F48H7COOHPcZn [2-12] EtOH 704 (5.10), 664 (5.02), 599 (4.40), 382 (4.81) 
F48H7COOHPcZn-
AHX-Pep42 























































dynamics simulation studies indicate this stabilization is due to TFE aggregates, via van der 
Waals interactions, around peptides leading to water displacement which creates a low dielectric 
environment for hydrogen-bonding to occur resulting in secondary structure stability as opposed 
to denaturation.
25a The TFE-induced structure stability is also consistent with experiment.25b 
Therefore, CD spectroscopy was used to determine the influence (if any) of the Pc on the Pep42 
secondary structure which may negatively or positively impact the cargo delivery capabilities of 
the Pep42. As noted earlier, hydrophobic interactions are a possibility due to the hydrophobic 
nature of both components which may alter the peptide secondary structure. As seen in Figure 
3.6, the peptide in TFE displayed α-helical-type character due to a positive π→π* transition at 
~190 nm, a weak negative transition at ~208 nm and a negative n→π* transition of equal intensity 
at ~220 nm. [3-1] also displayed α-helical-type character at values nearly identical to [3-4]. Thus, 
Pc labeling of the peptide had little influence on affecting the observed secondary structure of 
Pep42 in TFE.  
3.4.5. Fluorescence Quantum Yield and Lifetime Measurements 
 
 The fluorescence emission capabilities of [3-1] were studied by spectrofluorometry. The 
fluorescence spectral comparison of [2-12] and [3-1] is shown in Figure 3.7. The relative 
fluorescence quantum yield measurements were performed using [2-12] as the experimental 
standard (Φf = 0.07, EtOH) as noted in Chapter 2. The relative fluorescence efficiency of [3-1] 
post-conjugation was determined to be approximately 3.5-fold lower (0.02 vs 0.07) than [2-12] 
alone. The lower fluorescence efficiency may be due to fluorescence quenching (i.e. static or 
dynamic), investigated using time-resolved fluorescence spectroscopy. The latter was used to 
determine the lifetime of the singlet excited state Pc fluorophore in the bioconjugate form. The 




Figure 3. 7. Fluorescence emission spectra of [2-12] vs [3-1] at equimolar concentrations (λexc = 
615 nm, λem = 714 nm).  
 
Figure 3. 8. Fluorescence lifetime fit of [3-1] in EtOH using a single exponential decay (above), 






































identical singlet excited state lifetime as [2-12] (1.98 vs 1.95 ns) which suggests that the peptide 
tail has little influence on the excited state fluorescence lifetimes of the Pc fluorophore. The 









, respectively. Further insights into the quenching mechanism 
observed in the emission spectrum could be explained by Figure 3.5. As stated earlier, the two 
types of quenching mechanisms are static or dynamic. Static quenching involves the formation of 
a non-fluorescent complex between fluorophore and quencher with a unique absorption signature, 
distinct from the fluorophore alone. Dynamic quenching involves a non-radiative relaxation 
pathway for the excited fluorophore without change in the absorption spectra. Since there was 
little change in the Pc’s Q-and B-bands pre- and post-conjugation and little change in the singlet 
excited state lifetime, the quenching mechanism could be due to a mixture of the two 
mechanisms.
26
 Further investigations  using Stern-Volmer plots would be necessary to confirm 
this. Nevertheless, [3-1] is still capable of fluorescence emission and can be used for diagnostics 
and cell-based tracking studies. 
3.4.6. Singlet Oxygen Production  
 
The singlet oxygen producing capabilities of the Pc in [3-1], post conjugation, was 
determined using [2-15] as the singlet oxygen trap. The polypeptide tail may also serve as a target 
for chemical oxidation, like the 
1
O2 trap, once all of the substrate is consumed. The photo-
hydroperoxidation kinetics are shown in Figure 3.9 and Table 3.3. [2-12] was able to generate 
1




  and substrate turnover frequency 463 mmol 






Figure 3. 9. Photo-hydroperoxidation of β-(-)-citronellol using photocatalysts [2-12] and [3-1] 





 and substrate turnover frequency of 196 mmol β-(-)-citronellol s-1 mol Pc-1. Importantly, 
in both cases, both photo-catalysts are comparably efficient at substrate oxidation reaching the 
same final value of oxygen consumed at the end of the reaction (~20 mL). 
1
H-NMR and RP-
HPLC show the complete conversion of [2-15] to [2-16]-[2-17] using both [2-12] and [3-1] as  
 
Table 3. 3. Kinetic parameters for the photo-hydroperoxidation of β-(-)-citronellol using 
photocatalysts, [2-12] and [3-1]. 






















[2-12] 27.8 463 1000 1000 
[3-1] 13.5 196 1000 1000 
a
Initial reaction rate, μmol O2 min−1, calculated from the linear fit portion in the Figure 3.9. 
b
Turnover frequency, mmol substrate s−1 mol Pc−1, calculated under pseudo-first order conditions. 
c
Total oxidation number after 5 h, calculated stoichiometrically as: (final recorded O2 volume [mL] / molar volume 
of O2 at 25 °C [24.45 mL mmol−1]) × (1000 [μmol substrate mmol O2−1] / nPc [μmol Pc] ). 
*
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photo-catalysts (Figure 3.6-3.7). No further oxygen consumption is noted which suggests that the 
peptide tail is not oxidized. Further analysis by ESI-MS is expected to confirm this observation. 
This means that titrated O2 from the Dosimat is stoichiometrically consumed by the substrate to 
generate the hydroperoxide mixture, [2-16]-[2-17]. 
 
 
Figure 3. 10. 
1
H-NMR-monitored conversion of β-(-)-citronellol using photocatalysts [2-12] 
(green trace) and [3-1] (blue trace). NMR chemical shifts are referenced to CDCl3 and 



















Significantly, as noted for [2-12], the Pc in [3-1] is also stable post-reaction as seen in Figure 3.9. 
The slow initial oxygen uptake of the [3-1] relative to the [2-12] may be due to a lower effective 
substrate concentration in the Pc catalyst active site. In [2-12], both sides of the Pc macrocycle are 
unhindered, thus allowing for optimal substrate access to the catalyst active site. In [3-1], one side 
of the Pc is spatially occupied by the bulky peptide while the other side is not. The latter thus has 
a reduction in the effective concentration of substrate due to the presence of the peptide tail within 
the diffusion spheres of both 
1
O2 and substrate leading to a lower initial oxygen uptake rate and 
lower TOF. This hypothesis is supported by the MOPAC calculations and molecular models 
generated of the bioconjugate, [3-1], (vide infra, Figure 3.12). Although the initial rate of oxygen 
uptake and TOF of [3-1] are lower relative to [2-12], [3-1] remains an efficient and durable photo-
catalyst for 
1
O2 production.  
3.4.7. Molecular Modeling 
 
MOPAC force-field calculations were performed in order to further rationalize 
experimental observations with calculated geometry optimizations. Intramolecular steric effects 
via hydrophobic interactions between the peptide and Pc in [3-1] were also considered likely to 
interfere with the functional roles of both components. Although [3-1] is in the gas phase (Figure 
3.12), the optimized structure still presents both Pc and peptide components being spatially far 
apart without cross-interference, consistent with the CD spectra. The F48Pc ligand also retains its 
conformation with respect to the i-C3F7 groups. The aliphatic CF3 groups remain above and below 
the plane while the aromatic fluorines are almost coplanar with the macrocycle as noted in the 
solid-state structure (see Chapter 2) and in the perfluoroalkyl counterparts, F64PcM; M = Zn, Cu, 
Co, V=O.
28-31




Figure 3. 12. MOPAC calculated geometry of [3-1]. The C and N atoms of the fluorinated PcZn 
are depicted as ball-and-stick models. The Zn and F atoms are depicted as van der Waals spheres. 
H atoms in F48PcZn have been omitted. The AHX atoms are shown as ball-and-stick models, H 
atoms have been omitted. All Pep42 atoms are shown as van der Waals spheres. Color code: Zn, 
orange; N, blue; F, light green; C, grey; O, red.  
 
the other thus being consistent with the spatial and functional separation notion. 
3.4.8. Time-dependent Cellular Uptake of Bioconjugates  
 
In order to validate the cargo-delivery capabilities of Pep42, time-dependent cell uptake 
studies in the Hep2 cells were performed using bioconjugates [3-1]-[3-3] prepared in 4% 
Cremophor/DMSO mixtures. The results are shown in Figure 3.13. [3-3] showed the highest cell 
uptake followed by [3-2] then [3-1]. Although the initial uptake is low compared to [3-2] and [3-
1], the uptake of [3-3] appears to continue further if one extrapolates the data towards longer 
incubation times. Longer incubation times are necessary to validate this. [3-2] plateaus off at 
0.003 nM/cell after 8 hrs and does not accumulate any further. [3-1] has a high initial uptake but 
remains constant at 0.002 nM/cell after the first half hour. Hydrophilicity appears to be an 
important component for Pep42 cell permeability due to the polar poly(arginines) and PEG linker 
in [3-2] and [3-3]. Despite the low accumulation concentration per cell, the Pc bioconjugates are 




Figure 3. 13. Time-dependent cell uptake of the bioconjugates, [3-1] (pink), [3-2] (black), [3-3] 
(green).  
 
3.4.9. Dark/light Hep2 cytoxicity studies 
 
Hep2 cell cytotoxicity experiments, in the dark and light, following treatment with the 
bioconjugates [3-1]-[3-3] were used to evaluate the capabilities of the bioconjugates as 
photosensitizers for PDT applications. The dark toxicity results are shown in Figure 3.14. [3-1] 
was shown to decrease cell survival by approximately 40% while [3-2] and [3-3] were non-toxic, 
a consequence of their hydrophilic character imparting biocompatibility to these constructs which 
is key towards cell survival unlike the hydrophobic [3-1]. Upon light illumination, [3-1] was still 
photo-toxic to the cells while the other sequences were not (Figure 3.15). Under both light and 
dark conditions, there is no difference in the cytotoxicity of [3-1]. Therefore, the bioconjugate [3-
1] contains a certain toxicity unrelated to its singlet oxygen producing capabilities under light- 




Figure 3. 14. Dark-cytotoxicity on Hep2 cells using bioconjugates [3-1]-[3-3]. 





experimental conditions to induce additional cytotoxicity. Singlet oxygen traps would be 
necessary to confirm if any ROS is produced by the irradiated Pc bioconjugates in vitro. 
As a model experiment for rationalizing the aforementioned dark and light cytotoxicity 
experiments, [3-1] was assessed for its ability to produce 
1
O2 in the media without the Hep2 cells. 
The results are shown in Figure 3.16.  [3-1] is photo-catalytically active, despite low oxygen 
uptake attributable to the short lifetime of 
1
O2 under aqueous conditions,
32
 in the media producing 
1
O2 as detected by β-(-)-citronellol. The cell media does not produce ROS and thus the oxygen 
uptake activity is due to the conjugated F48H7COOHPcZn.  In view of this, introduction of the 
Hep2 cells negatively impacts the singlet oxygen producing capabilities of the F48H7COOHPcZn 
component in the bioconjugate. The F48H7COOHPcZn complex may undergo reduction in the 
presence of glutathione, whose levels in cancer are elevated relative to normal cells,
33
 to generate 
a radical species leading to deactivation and hindering 
1
O2 production.  
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 In conclusion, a small library of GRP78-targeting Pep42-F48H7CONHPcZn bioconjugates 
was successfully synthesized. Only the F48H7CONHPcZn-AHX-Pep42 was able to be fully 
characterized while the remaining bioconjugates were found to aggregate in solution. Pure 
F48H7CONHPcZn-AHX-Pep42 was isolated in good yield. F48H7CONHPcZn-AHX-Pep42 
remained invariable in regards to the Pc frontier orbitals and behaved as a monomer in solution 
according to UV-Vis spectroscopy. Despite its fluorescence efficiency being half of the 
unconjugated Pc fluorophore, the bound Pc fluorophore was still detectable. The bioconjugate’s 
oxygen uptake was lower compared to the unconjugated Pc, however, both reached complete 
oxygen consumption and converted substrate to product without catalyst decomposition at the end 
of the photo-reaction. The preliminary biological cell uptake and cytotoxicity studies revealed that 
the hydrophilic R9 or PEG components in F48H7CONHPcZn-PEG6-Pep42-R9 and 
F48H7CONHPcZn-AHX-Pep42-R9 were key towards the increased Hep2 cell uptake and 
detection, albeit minimal cytotoxicity was observed, unlike the hydrophobic F48H7CONHPcZn-
AHX-Pep42 bioconjugate showing slight cytotoxicity unrelated to its 
1
O2 production. In view of 
the work demonstrated herein, this small library of bioconjugates would further contribute 
towards the rational design of more potent, catalytic fluorine-based anti-cancer agents for tumor-
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4.1. CONCLUSIONS AND CONTRIBUTIONS TO KNOWLEDGE MADE OF THIS 
THESIS 
4.1.1. Carboxyl-functionalized Fluoroalkyl Zinc and Copper Phthalocyanines  
 
 In Chapter 2, the goal was to develop the carboxylic acid functionalized fluoroalkyl 
phthalocyanine class, F48H7COOHPcM, from diamagnetic, M = Zn(II),  to paramagnetic, Cu(II). 
Comparing the Cu complex photo-chemical properties with the corresponding Zn analogue is 
anticipated to yield insights into the properties of this ligand-metal class. Interestingly, 
F48H7COOHPcCu has potential as a tumor-cell photosensitizing agent for PDT, an observation 
contrary to the conventional wisdom that paramagnetic complexes do not produce singlet oxygen.  
F48H7COOHPcZn and F48H7COOHPcCu were prepared by the statistical condensation of 
the appropriate phthalonitrile precursors using microwave radiation. The crude materials were 
purified by column chromatography and characterized by a combination of chromatographic and 
spectroscopic techniques. Solid-state X-ray crystallography studies showed no interplanar π-π 
stacking, but rather van der Waals interactions leading to dimers for both complexes. Aggregation 
studies showed F48H7COOHPcZn and F48H7COOHPcCu complexes behaving as monomers in 
solution, ideal for single-site catalysis. Although its fluorescence efficiency was lower relative 
F64PcZn, F48H7COOHPcZn is still detectable and demonstrates utility for diagnostic purposes in 
cancer cell tracking applications. The lack of fluorescence from F48H7COOHPcCu was 
anticipated due to its paramagnetism, suggesting that there are alternative relaxation pathways 
which may compete with the fluorescence pathway. 
1
O2 production, relevant to PDT applications, 
using both F48H7COOHPcZn and F48H7COOHPcCu complexes as photo-catalysts was detected 
by the singlet oxygen trap, β-(-)-citronellol. Their ability to generate 1O2 is consistent with the 
Type II mechanism wherein the triplet state Pc is required for 
1




case of F48H7COOHPcZn. F48H7COOHPcCu also generates 
1
O2 presumably by the same 
mechanism, however, this is not well understood and requires further investigation. Nevertheless, 
in both cases, the substrate was converted quantitatively and both photo-catalysts were stable 
post-reaction without decomposition. The work herein highlights the alternative use of 
paramagnetic phthalocyanines for PDT-based applications.  
4.1.2. Tumor-targeting Fluoroalkyl Zinc Phthalocyanine-Peptide Bioconjugates for 
Theranostic applications 
 
 In Chapter 3, F48H7COOHPcZn was covalently conjugated to Pep42, GRP78-targeting 
peptidic ligand, to generate a small library of bioconjugates for tumor-targeting theranostic 
applications. Pep42 was further modified with polyarginine residues and a hydrophilic PEG 
spacer to further enhance its cell-penetrating properties and bioavailability. Thus, the preparation 
of the bioconjugates, F48H7CONHPcZn-AHX-Pep42, F48H7CONHPcZn-AHX-Pep42-R9, and 
F48H7CONHPcZn-PEG6-Pep42-R9 was accomplished by using solid-phase bioconjugation of 
F48H7COOHPcZn and the corresponding resin-bound peptide, a strategy that includes an HCTU-
mediated coupling procedure. After cleavage and deprotection, F48H7CONHPcZn-AHX-Pep42 
showed enhanced hydrophobicity by RP-HPLC relative to the native peptide, AHX-Pep42, with 
good purity (> 95%) and identity confirmation by ESI-MS, an indication of successful covalent 
conjugation of F48H7COOHPcZn to resin-bound AHX-Pep42. The polyarginine derived 
bioconjugates aggregated in solution, possibly through the formation of an insoluble polymer 
network. Nevertheless, aggregation did not preclude the  use of polyarginine-derived 
bioconjugates in preliminary biological experiments due to their solubility in cremophor/DMSO 
mixtures. Aggregation studies of F48H7CONHPcZn-AHX-Pep42 in EtOH revealed monomeric 




propensity of F48H7COOHPcZn. Conversely, CD spectroscopy showed no influence of 
F48H7COOHPcZn on the Pep42 α-helical structure post-conjugation. Thus, Pep42 and the 
F48H7COOHPcZn are expected to function independently and additively. F48H7CONHPcZn-
AHX-Pep42 showed a lower fluorescence emission but the same singlet excited state lifetime 
relative to unconjugated Pc. 
1
O2 production was demonstrated by β-(-)-citronellol’s quantitative 
conversion to hydroperoxides, indicative of stoichiometric consumption of O2 without 
bioconjugate decomposition. The F48H7COOHPcZn reactivity and retention of peptide helical 
structure are consistent with the spatial separation notion of the two components as suggested by 
molecular mechanics calculations. The bioconjugates showed increased Hep2 cell uptake in the 
following order: F48H7CONHPcZn-AHX-Pep42 < F48H7CONHPcZn-AHX-Pep42-R9 < 
F48H7CONHPcZn-PEG6-Pep42-R9. F48H7CONHPcZn-PEG6-Pep42-R9 showed the highest cell 
uptake highlighting the importance of hydrophilicity for cell penetration and uptake. In 
cytotoxicity experiments, F48H7CONHPcZn-AHX-Pep42 showed limited cytotoxicity (~40% cell 
death) with and without illumination, indicating that the bioconjugate itself possessed some 
inherent toxicity unrelated to its singlet oxygen producing capabilities. F48H7CONHPcZn-AHX-
Pep42-R9 and F48H7CONHPcZn-PEG6-Pep42-R9 were non-toxic in both cases and no Hep2 cell 
death was observed, possibly due to insufficient singlet oxygen production to induce toxicity and 
cell-death. F48H7CONHPcZn-AHX-Pep42, however, was still photo-active in the biological 
media and produced singlet oxygen thus suggesting that the Hep2 cellular components are 
responsible for reactivity inhibition. The work published in the ACS Inorganic Chemistry journal, 
highlights the contribution to knowledge towards the rational design and development of catalytic 




4.2. FUTURE WORK 
4.2.1. Cancer-targeting Amino-functionalized Fluoroalkyl Copper Phthalocyanines for 
Theranostic applications 
 
 In order to further expand upon the work described herein, further investigations into the 
use of paramagnetic carboxy (F48H7COOHPcCu) and amino-functionalized (F51NRR’PcCu; R/R’ 
= H/H or H/Me) fluorinated copper phthalocyanines for theranostic applications would be of 
interest. Specifically, the bioconjugation of F48H7COOHPcCu to an amino functionalized 
biomolecule or F51NRR’PcCu to a carboxyl-functionalized biomolecule can generate a library of 
cancer-targeting fluorinated copper phthalocyanines (Scheme 4.1).  
 
Scheme 4. 1. Schematic representation of proposed carboxy- and amino-functionalized 
fluorinated copper phthalocyanines (R = H/Me) conjugated to a cancer-targeting biomolecule for 
PDT applications.  
= i-C3F7 




F51NRR’PcCu (R/R’ = H/H and H/Me) was purified by column chromatography and 
characterized by HRMS and X-ray diffraction. F51NMe2PcCu was included for the sake of 
completeness and characterized similarly. Control experiments have already validated the 
capability of F51NRR’PcCu (R’R = H/H; H/Me; Me/Me) to photo-chemically generate 
1
O2, unlike 
the inactive Zn analogues, using the singlet oxygen trap, β-(-)-citronellol (data not shown). The 
significance of this work would highlight the alternative use to diagmagnetic PcMs and make an 
additive contribution to Pc-based photosensitizers as tumor-cell photosensitizing agents for 
photodynamic therapy. 
4.2.2. Cancer-targeting Perfluoroalkyl Silicon Phthalocyanine for Theranostic applications 
 
 As an extension of the macrocycle-based bioconjugations previously shown, metal-based 
bioconjugations of a cancer targeting ligand to PcM can be accomplished using  high valence 
group III and IV metals, such as In(III), Ga(III), and Si(IV), capable of covalent axial-ligations. 
Labile axial groups, such as chlorides, can undergo displacement by nucleophilic biomolecules 
for bioconjugation. The advantage of this strategy involves the use of a symmetrical PcM, such as 
F64Pc, which can be easily isolated by simple washings and filtrations as opposed to 
chromatographic separations of a functionalized PcM from a mixture, leading to lower yields.  
The perfluoroalkyl metal chloride complexes, F64PcM-Cl (M = In, Ga), were isolated in 
good yields and characterized structurally. Both complexes underwent reversible redox processes 
following electrochemical or photochemical reductions in solution. Their neutral forms were 
unable to be oxidized due to their electron-deficient metal centers by the perfluoroalkyl scaffold. 
Fluorescence emission, although low, was still detectable for both complexes.The detected 
1
O2 




converted quantitively with minimal photo-catalyst decomposition.  The work was published in 
the Journal of Porphyrins and Phthalocyanines as an invited contribution.
1
  
Preliminary attempts towards metal-based bioconjugation using F64PcM-Cl (M = In, Ga) 
revealed their instability in a broad range of solvents prior to bioconjugations. Trifluorotoluene 
(TFT) was the only solvent wherein both compounds showed retention of Q-band composition in 
solution (data not shown). However, TFT is not suitable for accommodating hydrophilic 
biomolecules due to its hydrophobic nature. 
Trace amounts of F64PcSi(OH)2 and F64PcSi(OH)(OMe) were confirmed by preliminary 




Scheme 4. 2. Bioconjugation strategy of F64PcSiCl2 to a cancer-targeting peptide ligand to 
generate F64PcSi(CTP)2 bioconjugate.  
 
F64PcSiCl2 






underway to isolate F64PcSiCl2 in good yields as a precursor to generate F64PcSi(CTP) (CTP = 
cancer-targeting peptide) (Scheme 4.2). The significance of this work will highlight the use of 
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Figure B. 1. a) HRMS of F48H7COOHPcZn, [2-12]. b) Experimental vs simulated HRMS of [2-
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Figure D. 1. ORTEP representation diagram of F48H7COOHPcZn, [2-12] at 40% probability. 





Table D.1 to D.5 list the atomic coordinates and crystallographic parameters for 
F48H7COOHPcZn, [2-12]. 
Table D. 1. Crystal data and structure refinement for F48H7COOHPcZn, [2-12]*1.75TFA. 
 
Empirical formula  C60.50 H11.75 F53.25 N8 O7.50 Zn 
Formula weight  2047.65 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a = 15.6522(8) Å α = 90°. 
 b = 22.1723(11) Å β = 107.529(2)°. 
 c = 21.9184(11) Å γ = 90°. 
Volume 7253.5(6) Å3 
Z 4 
Density (calculated) 1.875 g/cm3 
Absorption coefficient 2.312 mm-1 
F(000) 4000 
Crystal size 0.17 x 0.13 x 0.10 mm3 
Theta range for data collection 2.96 to 52.19°. 
Index ranges -12<=h<=13, -17<=k<=21, -17<=l<=18 
Reflections collected 30240 
Independent reflections 5700 [R(int) = 0.0575] 
Completeness to theta = 52.19° 69.7 %  
Max. and min. transmission 0.8052 and 0.6892 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5700 / 1687 / 958 
Goodness-of-fit on F2 1.415 
Final R indices [I>2sigma(I)] R1 = 0.1401, wR2 = 0.3609 
R indices (all data) R1 = 0.1985, wR2 = 0.3860 
Extinction coefficient 0.00015(8) 








Table D. 2. Atomic coordinates  (x 10
4





) for F48H7COOHPcZn, [2-12]*1.75TFA. 
______________________________________________________________________________ 
 x y z U(eq) 
______________________________________________________________________________ 
Zn(1) 4362(1) 6097(1) 3854(1) 55(1) 
O(1L) 4316(7) 5499(4) 4528(5) 71(3) 
N(1) 5684(9) 6222(5) 4067(6) 56(3) 
N(2) 4301(8) 6906(5) 4267(6) 48(3) 
N(3) 3086(8) 6220(5) 3316(5) 49(3) 
N(4) 4461(8) 5540(5) 3130(6) 50(3) 
N(5) 2732(8) 7047(5) 3920(6) 45(3) 
N(6) 5859(9) 7060(5) 4822(6) 55(3) 
N(7) 6087(8) 5408(5) 3519(6) 57(4) 
N(8) 2938(9) 5423(5) 2535(5) 50(3) 
C(1) 6329(11) 5875(7) 3931(7) 55(4) 
C(2) 7220(7) 6039(5) 4287(5) 58(4) 
C(3) 8062(8) 5842(4) 4285(5) 86(5) 
C(4) 8825(6) 6141(5) 4650(6) 93(6) 
C(5) 8747(7) 6637(5) 5017(6) 87(5) 
C(6) 7904(9) 6835(4) 5018(5) 68(5) 
C(7) 7141(6) 6536(5) 4653(5) 52(4) 
C(8) 6187(11) 6618(7) 4528(7) 54(4) 
C(9) 5019(12) 7179(6) 4693(7) 49(4) 
C(10) 4668(7) 7622(4) 5065(5) 50(4) 
C(11) 5088(5) 7991(5) 5582(5) 68(5) 
C(12) 4582(8) 8376(4) 5835(4) 65(4) 
C(13) 3655(7) 8394(4) 5571(5) 56(4) 
C(14) 3236(5) 8026(4) 5055(5) 50(4) 
C(15) 3742(7) 7640(4) 4801(4) 43(4) 




C(17) 2514(10) 6627(7) 3463(7) 49(4) 
C(18) 1623(7) 6543(5) 3019(5) 59(4) 
C(19) 803(9) 6824(5) 2938(6) 83(5) 
C(20) 39(7) 6612(6) 2480(7) 112(6) 
C(21) 97(7) 6118(6) 2104(6) 107(6) 
C(22) 917(9) 5837(5) 2185(5) 69(5) 
C(23) 1680(7) 6049(5) 2642(6) 61(4) 
C(24) 2601(10) 5880(7) 2822(7) 48(4) 
C(25) 3757(12) 5288(6) 2690(7) 44(4) 
C(26) 4154(7) 4792(4) 2363(5) 52(4) 
C(27) 3765(6) 4378(5) 1884(5) 56(4) 
C(28) 4295(8) 3955(4) 1701(4) 54(4) 
C(29) 5215(8) 3945(4) 1997(5) 58(4) 
C(30) 5604(6) 4359(5) 2476(5) 59(4) 
C(31) 5074(7) 4783(4) 2659(4) 52(4) 
C(32) 5269(12) 5285(6) 3147(8) 57(4) 
C(33) 5161(12) 8712(8) 6484(9) 79(5) 
C(34) 5616(5) 9269(3) 6362(4) 112(8) 
F(8) 6135(6) 9476(3) 6899(4) 107(4) 
F(9) 5019(6) 9671(3) 6095(5) 138(5) 
F(10) 6089(7) 9143(3) 5984(5) 164(6) 
C(35) 5834(5) 8274(3) 6984(3) 113(8) 
F(11) 5543(7) 7699(4) 6873(4) 140(5) 
F(12) 5865(6) 8433(4) 7586(4) 128(4) 
F(13) 6661(6) 8320(4) 6916(4) 159(6) 
C(36) 2933(13) 8780(9) 5774(9) 85(5) 
C(37) 2479(6) 8465(4) 6187(4) 106(8) 
F(15) 3048(7) 8344(4) 6725(5) 141(5) 
F(16) 2131(7) 7976(4) 5917(4) 152(6) 
F(17) 1866(6) 8803(5) 6273(4) 167(6) 




F(18) 2045(6) 9653(4) 5382(4) 153(6) 
F(19) 1496(6) 8849(4) 4993(4) 146(5) 
F(20) 2533(6) 9219(4) 4731(4) 132(5) 
C(39) -830(20) 7062(17) 2449(17) 205(9) 
C(40) -1300(6) 6855(7) 2944(6) 257(12) 
F(24) -762(8) 6926(7) 3516(6) 265(11) 
F(22) -1518(8) 6293(8) 2852(6) 258(10) 
F(23) -2013(9) 7175(8) 2876(7) 300(12) 
C(41) -566(9) 7764(5) 2400(7) 258(13) 
F(27) 167(12) 7797(5) 2232(7) 263(12) 
F(26) -435(9) 8025(5) 2956(8) 297(13) 
F(25) -1218(11) 8037(5) 1972(9) 432(19) 
C(42) -751(16) 5812(14) 1596(12) 158(8) 
C(43) -725(7) 5035(4) 1687(6) 202(13) 
F(32) -1532(9) 4835(4) 1577(8) 291(12) 
F(34) -259(9) 4898(4) 2264(8) 227(9) 
F(33) -365(8) 4793(4) 1287(6) 192(7) 
C(44) -823(5) 5962(5) 910(4) 145(10) 
F(31) -95(7) 5811(6) 795(4) 155(5) 
F(29) -952(8) 6530(6) 819(4) 240(9) 
F(30) -1482(8) 5672(6) 534(4) 268(11) 
C(45) 3712(12) 3483(9) 1209(8) 76(5) 
C(46) 3547(5) 3719(3) 531(3) 119(8) 
F(36) 4328(7) 3759(4) 400(3) 142(5) 
F(38) 3168(6) 4266(4) 479(3) 109(4) 
F(37) 3000(7) 3341(4) 116(3) 142(5) 
C(47) 2815(5) 3247(3) 1321(4) 144(10) 
F(41) 2885(5) 3284(4) 1946(5) 130(4) 
F(39) 2676(5) 2671(4) 1129(5) 157(5) 
F(40) 2124(5) 3587(4) 984(5) 165(6) 




C(49) 6205(6) 2984(3) 2360(3) 117(8) 
F(43) 5493(7) 2645(4) 2284(4) 155(5) 
F(45) 6466(8) 3199(3) 2946(4) 136(5) 
F(44) 6853(7) 2660(3) 2260(4) 113(4) 
C(50) 6837(4) 3804(3) 1805(3) 121(8) 
F(47) 7478(5) 3787(4) 2375(4) 155(5) 
F(48) 6678(5) 4380(4) 1612(5) 103(4) 
F(46) 7112(5) 3492(3) 1372(4) 98(3) 
C(1B) 10284(7) 6739(6) 5446(7) 116(6) 
C(2B) 10679(11) 6315(7) 5913(7) 146(7) 
C(3B) 11540(11) 6109(6) 5977(6) 135(7) 
C(4B) 12006(7) 6326(6) 5575(7) 104(6) 
C(5B) 11611(10) 6750(6) 5108(6) 95(5) 
C(6B) 10750(10) 6956(5) 5043(6) 113(6) 
C(7B) 12859(18) 6114(11) 5724(11) 113(7) 
C(1S) 6378(5) 6317(3) 6516(3) 148(9) 
F(1S) 6731(7) 6794(4) 6332(4) 134(4) 
F(2S) 7010(7) 6003(4) 6920(4) 136(4) 
F(3S) 5786(7) 6488(4) 6796(4) 184(6) 
C(2S) 5930(18) 5938(8) 5948(10) 118(8) 
O(1S) 6464(11) 5632(6) 5708(8) 127(5) 
O(2S) 5112(11) 5943(6) 5727(7) 126(5) 
C(3S) 1651(18) 5067(13) 4123(8) 99(9) 
C(4S) 732(7) 5242(5) 4066(5) 122(10) 
F(4S) 580(7) 5155(6) 4599(7) 161(7) 
F(5S) 192(7) 4924(6) 3634(7) 165(7) 
F(6S) 620(7) 5797(6) 3916(7) 149(6) 
O(3S) 2335(14) 5459(9) 4263(9) 131(7) 
O(4S) 1864(14) 4542(9) 4047(9) 126(7) 
O(1) 9462(8) 6944(6) 5368(7) 130(5) 




O(3) 13152(11) 5617(7) 5958(8) 160(6) 
F(1) 5951(6) 7988(4) 5815(4) 75(3) 
F(2) 2379(5) 8000(3) 4785(4) 51(2) 
F(3) 762(6) 7266(5) 3324(5) 103(4) 
F(4) 979(6) 5373(4) 1860(4) 86(3) 
F(5) 2927(6) 4420(4) 1634(4) 76(3) 
F(6) 6493(6) 4397(4) 2761(4) 83(3) 
F(7) 4620(7) 8890(5) 6842(5) 113(4) 
F(14) 3387(7) 9299(5) 6076(6) 126(4) 
F(21) -1408(12) 6927(7) 1865(9) 201(7) 
F(28) -1499(8) 5929(8) 1769(7) 197(7) 
F(35) 4167(9) 2954(6) 1286(6) 151(5) 



















Table D. 3. Bond lengths (Å) and angles (°) for F48H7COOHPcZn, [2-12]*1.75TFA. 
  
Zn(1)-O(1L)  2.003(9) 
Zn(1)-N(3)  2.009(12) 
Zn(1)-N(1)  1.999(13) 
Zn(1)-N(2)  2.025(11) 
Zn(1)-N(4)  2.052(12
 
O(1L)-H(1L)  0.8400 
O(1L)-H(2L)  0.8588 
N(1)-C(1)  1.371(18) 
N(1)-C(8)  1.391(17) 
N(2)-C(16)  1.331(17) 
N(2)-C(9)  1.366(17) 
N(3)-C(24)  1.351(16) 
N(3)-C(17)  1.376(17) 
N(4)-C(32)  1.376(17) 
N(4)-C(25)  1.348(17) 
N(5)-C(16)  1.295(16) 
N(5)-C(17)  1.333(16) 
N(6)-C(9)  1.287(16) 
N(6)-C(8)  1.356(18) 
N(7)-C(32)  1.322(17) 
N(7)-C(1)  1.350(17) 
N(8)-C(25)  1.259(17) 
N(8)-C(24)  1.379(17) 
C(1)-C(2)  1.425(17) 
C(2)-C(3)  1.3900 
C(2)-C(7)  1.3900 
C(3)-C(4)  1.3900 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.3900 
C(4)-H(4)  0.9500 
C(5)-O(1)  1.337(13) 
C(5)-C(6)  1.3900 
C(6)-C(7)  1.3900 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.445(17) 
C(9)-C(10)  1.484(17) 
C(10)-C(11)  1.3900 
C(10)-C(15)  1.3900 
C(11)-C(12)  1.3900 
C(12)-C(13)  1.3900 
C(12)-C(33)  1.621(19) 
C(13)-C(14)  1.3900 
C(13)-C(36)  1.585(19) 
C(14)-C(15)  1.3900 
C(15)-C(16)  1.521(16) 
C(17)-C(18)  1.453(16) 
C(18)-C(19)  1.3900 
C(18)-C(23)  1.3900 
C(19)-C(20)  1.3900 
C(20)-C(21)  1.3900 
C(20)-C(39)  1.67(3) 
C(21)-C(22)  1.3900 
C(21)-C(42)  1.60(2) 
C(22)-C(23)  1.3900 




C(25)-C(26)  1.542(18) 
C(26)-C(27)  1.3900 
C(26)-C(31)  1.3900 
C(27)-C(28)  1.3900 
C(28)-C(29)  1.3900 
C(28)-C(45)  1.579(18) 
C(29)-C(30)  1.3900 
C(29)-C(48)  1.602(18) 
C(30)-C(31)  1.3900 
C(31)-C(32)  1.511(17) 
C(33)-C(34)  1.49(2) 
C(33)-C(35)  1.599(19) 
C(36)-C(37)  1.48(2) 
C(36)-C(38)  1.65(2) 
C(39)-C(40)  1.55(4) 
C(39)-C(41)  1.62(4) 
C(42)-C(44)  1.51(3) 
C(42)-C(43)  1.73(3) 
C(45)-C(46)  1.524(19) 
C(45)-C(47)  1.586(19) 
C(48)-C(50)  1.539(19) 
C(48)-C(49)  1.567(18) 
C(1B)-O(1)  1.326(15) 
C(1B)-C(2B)  1.3900 
C(1B)-C(6B)  1.3900 
C(2B)-C(3B)  1.3900 
C(2B)-H(2B)  0.9500 
C(3B)-C(4B)  1.3900 
C(3B)-H(3B)  0.9500 
C(4B)-C(7B)  1.36(3) 
C(4B)-C(5B)  1.3900 
C(5B)-C(6B)  1.3900 
C(5B)-H(5B)  0.9500 
C(6B)-H(6B)  0.9500 
C(7B)-O(3)  1.24(2) 
C(7B)-O(2)  1.33(2) 
C(1S)-C(2S)  1.49(2) 
C(2S)-O(2S)  1.23(2) 
C(2S)-O(1S)  1.30(2) 
O(1S)-H(1S)  0.8400 
C(3S)-O(4S)  1.24(2) 
C(3S)-O(3S)  1.34(3) 
C(3S)-C(4S)  1.46(3) 














































































































































































Symmetry transformations used to generate 






















) for F48H7COOHPcZn, [2-
12]*1.75TFA. 
__________________________________________________________________ 
 U11 U22  U33 U23 U13 U12 
__________________________________________________________________ 
Zn(1) 49(2)  48(2) 56(2)  -6(1) -1(1)  4(1) 
O(1L) 83(9)  50(6) 66(6)  10(5) 3(6)  0(5) 
N(1) 35(5)  60(8) 61(9)  -10(5) -6(6)  9(5) 
N(2) 28(7)  44(6) 58(8)  -8(5) -8(6)  5(5) 
N(3) 48(6)  35(7) 48(8)  -3(4) -8(5)  4(5) 
N(4) 32(8)  46(7) 58(7)  -4(5) -6(6)  3(5) 
N(5) 21(7)  48(8) 51(9)  -5(5) -10(6)  5(5) 
N(6) 32(7)  58(8) 62(9)  -5(6) -8(8)  -6(6) 
N(7) 31(8)  71(9) 63(10)  -13(6) 8(7)  -6(6) 
N(8) 37(8)  76(9) 28(8)  -9(6) -2(8)  -11(6) 
C(1) 34(7)  67(10) 52(11)  1(6) -5(8)  6(7) 
C(2) 26(7)  62(10) 71(11)  10(6) -8(8)  3(6) 
C(3) 35(8)  103(12) 113(14)  -21(9) 10(11)  -3(8) 
C(4) 19(9)  116(14) 137(16)  -7(9) 14(10)  -15(8) 
C(5) 34(8)  95(12) 112(14)  2(8) -10(11)  -11(8) 
C(6) 33(8)  76(10) 73(12)  18(7) -17(9)  -7(7) 
C(7) 30(7)  75(10) 46(10)  10(6) 2(8)  -3(6) 
C(8) 29(7)  62(10) 48(10)  11(6) -22(8)  15(6) 
C(9) 29(7)  49(9) 49(10)  4(6) -17(8)  6(7) 
C(10) 35(7)  42(9) 63(10)  -5(6) -3(7)  -8(6) 
C(11) 31(9)  91(12) 67(11)  -25(7) -8(9)  -7(8) 
C(12) 45(8)  79(10) 59(10)  -16(7) -2(8)  -7(7) 
C(13) 39(8)  61(10) 55(10)  -17(6) -8(7)  -5(7) 
C(14) 36(9)  45(9) 51(10)  -4(6) -13(8)  7(7) 
C(15) 38(8)  37(9) 36(9)  4(5) -14(7)  5(6) 




C(17) 39(7)  64(10) 43(10)  -5(6) 11(7)  -4(6) 
C(18) 49(8)  77(11) 43(10)  -15(7) 3(8)  -3(7) 
C(19) 55(9)  111(13) 74(13)  -22(9) 6(9)  15(8) 
C(20) 61(9)  164(13) 98(14)  -46(10) 3(9)  35(10) 
C(21) 38(9)  195(14) 90(13)  -68(10) 22(10)  -1(9) 
C(22) 32(9)  120(13) 57(11)  -41(9) 18(8)  -16(8) 
C(23) 41(8)  100(11) 40(10)  -19(7) 10(7)  -5(7) 
C(24) 38(7)  57(10) 41(10)  -7(6) 0(7)  -14(6) 
C(25) 39(8)  56(9) 30(9)  3(6) -3(8)  -5(7) 
C(26) 58(8)  53(9) 32(10)  3(5) -4(7)  5(7) 
C(27) 44(9)  65(10) 49(11)  -12(6) 2(9)  -4(8) 
C(28) 60(8)  68(10) 50(9)  -5(7) 37(8)  -18(7) 
C(29) 60(8)  57(9) 59(11)  -3(6) 23(8)  3(7) 
C(30) 64(10)  72(11) 46(11)  -9(7) 25(9)  0(8) 
C(31) 49(8)  46(9) 57(10)  -8(6) 9(7)  -10(6) 
C(32) 41(8)  46(9) 74(11)  -11(6) 2(8)  7(7) 
C(33) 34(12)  108(12) 80(12)  -35(8) -3(8)  -4(8) 
C(34) 110(20)  63(13) 140(20)  -42(11) 4(16)  -8(11) 
F(8) 76(9)  92(8) 129(9)  -55(7) -4(7)  -16(6) 
F(9) 173(13)  64(8) 171(12)  -12(7) 45(10)  14(7) 
F(10) 181(14)  68(8) 265(17)  -98(9) 99(12)  -36(8) 
C(35) 103(19)  128(16) 67(15)  -7(13) -34(13)  -36(14) 
F(11) 166(13)  165(12) 86(9)  26(8) 31(8)  61(10) 
F(12) 158(12)  146(10) 63(8)  -12(7) 8(8)  22(8) 
F(13) 117(12)  168(12) 182(13)  -87(10) 29(11)  -10(9) 
C(36) 69(12)  105(14) 74(12)  -40(8) 12(9)  10(8) 
C(37) 45(17)  160(20) 107(19)  19(14) 11(13)  58(14) 
F(15) 145(13)  159(11) 110(10)  -45(8) 27(9)  3(9) 
F(16) 175(13)  183(13) 118(10)  -80(9) 73(9)  -118(10) 
F(17) 51(10)  309(18) 128(11)  -117(11) 6(8)  0(9) 




F(18) 144(12)  88(9) 181(12)  -65(8) -19(9)  32(8) 
F(19) 110(11)  156(11) 131(10)  -83(9) -27(9)  18(8) 
F(20) 143(12)  89(8) 126(11)  9(7) -17(9)  31(7) 
C(39) 109(13)  279(16) 186(19)  -76(16) -16(13)  106(13) 
C(40) 130(30)  430(30) 210(30)  -180(20) 60(20)  100(20) 
F(24) 74(13)  500(30) 225(18)  -220(19) 56(12)  -27(14) 
F(22) 90(13)  430(30) 248(18)  -190(19) 36(12)  -35(14) 
F(23) 170(18)  400(30) 310(20)  -180(20) 31(16)  96(16) 
C(41) 200(30)  227(15) 260(30)  -100(20) -60(20)  173(17) 
F(27) 290(20)  207(16) 193(17)  -39(12) -76(16)  160(16) 
F(26) 163(17)  310(20) 300(20)  -140(19) -110(16)  140(15) 
F(25) 270(20)  390(30) 420(30)  -70(20) -220(20)  230(20) 
C(42) 27(11)  291(17) 155(17)  -119(14) 25(12)  -11(14) 
C(43) 100(30)  300(17) 190(30)  -100(20) 10(20)  -120(19) 
F(32) 159(17)  430(30) 310(20)  -190(20) 115(15)  -217(18) 
F(34) 176(17)  233(16) 270(20)  -55(15) 66(16)  -146(13) 
F(33) 127(13)  228(15) 219(16)  -155(13) 47(11)  -83(10) 
F(31) 82(11)  267(15) 70(8)  -27(8) -49(7)  52(9) 
F(29) 115(14)  300(20) 207(16)  -43(15) -93(12)  24(12) 
F(30) 164(16)  320(20) 212(17)  -166(16) -112(13)  66(14) 
C(45) 72(11)  98(13) 63(10)  -39(8) 25(9)  3(9) 
C(46) 170(20)  131(18) 65(10)  -49(12) 48(14)  -57(17) 
F(36) 125(13)  190(12) 120(10)  -54(9) 49(9)  -1(9) 
F(38) 121(10)  117(9) 75(8)  -7(6) 7(7)  32(7) 
F(37) 129(11)  206(13) 70(8)  -57(8) -2(8)  -12(9) 
C(47) 160(20)  160(20) 128(19)  -62(18) 69(18)  -116(17) 
F(41) 157(12)  95(8) 155(12)  -16(8) 74(10)  -44(7) 
F(39) 222(15)  76(9) 168(12)  -50(8) 54(10)  -41(8) 
F(40) 98(11)  185(13) 188(14)  -118(11) 8(10)  -19(8) 
C(48) 78(11)  43(10) 92(13)  -19(7) 10(11)  11(7) 




F(43) 160(14)  129(11) 166(12)  23(9) 35(10)  5(9) 
F(45) 218(14)  87(8) 72(8)  -19(6) -7(9)  12(8) 
F(44) 136(11)  80(8) 123(9)  18(6) 38(8)  36(7) 
C(50) 108(16)  150(20) 130(20)  -5(17) 88(17)  17(14) 
F(47) 133(13)  169(12) 145(12)  -63(10) 13(9)  11(9) 
F(48) 102(9)  85(8) 121(9)  -1(6) 35(7)  -3(6) 
F(46) 87(9)  98(8) 98(8)  -2(6) 12(7)  18(6) 
C(1B) 31(9)  142(15) 155(17)  -5(11) 0(10)  -9(9) 
C(2B) 76(14)  173(18) 174(18)  30(12) 14(14)  -13(12) 
C(3B) 67(13)  191(18) 111(16)  50(12) -28(12)  -2(12) 
C(4B) 84(11)  120(14) 89(14)  6(9) -3(11)  15(9) 
C(5B) 71(12)  102(14) 106(14)  3(9) 16(11)  14(9) 
C(6B) 59(12)  125(15) 142(16)  -5(11) 13(11)  6(10) 
C(7B) 105(14)  100(15) 119(17)  14(12) 12(14)  21(10) 
O(1) 33(8)  137(11) 199(14)  -35(9) 5(9)  -18(7) 
O(2) 93(11)  125(11) 117(12)  9(9) 29(11)  23(9) 
O(3) 183(16)  107(12) 168(15)  44(10) 18(12)  50(9) 
F(1) 50(7)  70(6) 95(8)  -31(5) 10(6)  -12(5) 
F(2) 35(6)  52(5) 53(6)  -9(4) -6(5)  -4(4) 
F(3) 45(7)  138(9) 109(9)  -53(7) -3(6)  29(6) 
F(4) 44(7)  117(8) 90(8)  -48(6) 8(6)  -38(5) 
F(5) 81(8)  69(6) 71(7)  -19(5) 14(6)  -19(5) 
F(6) 69(8)  89(7) 90(8)  -20(5) 20(6)  18(5) 
F(7) 71(9)  161(10) 96(9)  -79(7) 6(7)  -14(7) 
F(14) 69(9)  139(10) 169(11)  -106(8) 34(8)  -18(7) 
F(28) 25(9)  375(19) 172(13)  -154(13) 3(9)  -22(10) 
F(35) 154(13)  123(11) 139(11)  -69(8) -13(9)  12(8) 
F(42) 104(11)  146(10) 148(11)  -70(9) 4(9)  17(7) 






Table D. 5. Hydrogen coordinates (x 10
4







 x  y  z  U(eq) 
___________________________________________________________________________ 
  
H(1L) 4684 5599 4879 106 
H(2L) 4290 5119 4595 106 
H(3) 8116 5503 4035 104 
H(4) 9401 6006 4649 112 
H(6) 7851 7174 5269 81 
H(2B) 10360 6166 6188 175 
H(3B) 11810 5819 6297 162 
H(5B) 11930 6899 4832 114 
H(6B) 10480 7246 4724 135 
H(1S) 6839 5866 5630 190 
H(4S) 1808 4483 3658 189 

















































Figure E. 1. ORTEP representation diagram of F48H7COOHPcCu, [2-14], at 30% probability. 
Hydrogen atoms, except on the COOH, group and MeOH solvent were omitted for clarity in [2-





Table E.1 to E.5 list the atomic coordinates and crystallographic parameters for 
F48H7COOHPcCu, [2-14].  
Table E. 1. Crystal data and structure refinement for F48H7COOHPcCu(MeOH), [2-14]. 
F48H7COOHPcCu(MeOH)  
lattice  Triclinic  
formula  C58H12CuF48N8O4  
formula weight  1860.30  
space group  P-1  
a/Å  20.8803(17)  
b/Å  25.627(2)  
c/Å  29.604(2)  
α/˚  85.386(2)  
β/˚  88.312(2)  
γ/˚  78.482(3)  
V/Å
3
  15470(2)  
Z  8  
temperature (K)  100(2)  
radiation (λ, Å)  1.54178  
Density (calcd.) g cm
-3
  1.597  
(Cu Kα), mm-1  1.923  
Theta max, deg.  68.133  
no. of data collected  78888  
no. of data  33016  
no. of parameters  4297  
R1 [I > 2σ(I)]  0.1194  
wR2 [I > 2σ(I)]  0.3145  
R1 [all data]  0.2127  
wR2 [all data]  0.3659  
GOF  1.014  











Table E. 2. Atomic coordinates  (x 104) and equivalent  isotropic displacement parameters (Å2x 
103) for F48H7COOHPcCu•MeOH, [2-14].  
U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
____________________________________________________________________ 
 x y z U(eq) 
____________________________________________________________________   
Cu(1) 4203(1) 8003(1) 3305(1) 29(1) 
N(11) 4222(8) 7254(7) 3462(6) 24(5) 
N(12) 5397(8) 6951(7) 3575(6) 22(5) 
N(13) 5150(8) 7894(7) 3291(5) 22(4) 
N(14) 5325(8) 8785(8) 3061(6) 30(5) 
N(15) 4169(8) 8772(7) 3082(6) 28(5) 
N(16) 3038(8) 9063(6) 3014(6) 19(4) 
N(17) 3246(8) 8121(7) 3248(5) 19(4) 
N(18) 3077(8) 7227(8) 3453(6) 29(5) 
O(134) 3432(7) 11065(6) 2604(5) 40(4) 
O(177) 1168(7) 12648(6) 3574(5) 44(5) 
O(178) 1553(8) 12060(7) 4159(6) 62(5) 
O(191) 4136(8) 8143(7) 4082(5) 40(4) 
C(101) 4788(10) 6880(9) 3594(7) 26(6) 
C(102) 5558(10) 7392(9) 3432(7) 20(5) 
C(103) 5506(10) 8268(10) 3173(7) 30(6) 
C(104) 4708(10) 8988(9) 3002(7) 20(5) 
C(105) 3635(9) 9139(8) 3017(7) 14(5) 
C(106) 2866(10) 8590(9) 3122(7) 23(5) 
C(107) 2886(10) 7733(10) 3319(7) 27(6) 
C(108) 3668(10) 7028(9) 3523(8) 30(6) 
C(111) 3927(11) 6445(9) 3697(7) 27(6) 
C(112) 3622(10) 6023(9) 3803(7) 24(6) 
C(113) 3981(10) 5528(9) 3946(8) 28(6) 
C(114) 4654(10) 5435(9) 3919(7) 24(5) 
C(115) 4941(11) 5846(11) 3829(9) 43(7) 
C(116) 4585(10) 6397(10) 3715(7) 28(6) 
C(121) 6251(11) 7482(9) 3419(8) 32(6) 




C(123) 7421(10) 7340(9) 3516(8) 29(6) 
C(124) 7425(10) 7872(9) 3326(7) 27(6) 
C(125) 6811(11) 8209(11) 3199(8) 39(6) 
C(126) 6227(10) 7985(10) 3280(8) 35(6) 
C(131) 4498(10) 9532(9) 2888(7) 17(5) 
C(132) 4811(11) 9956(10) 2744(7) 40(7) 
C(133) 4444(10) 10463(10) 2687(6) 23(6) 
C(134) 3758(11) 10535(9) 2720(7) 27(6) 
C(135) 3427(12) 10168(9) 2824(7) 29(6) 
C(136) 3818(10) 9626(9) 2901(7) 22(5) 
C(141) 2179(10) 8522(9) 3105(8) 27(6) 
C(142) 1606(10) 8825(9) 2948(8) 27(6) 
C(143) 1042(9) 8657(9) 2937(8) 28(6) 
C(144) 1046(10) 8118(10) 3147(9) 42(6) 
C(145) 1618(10) 7831(9) 3257(8) 28(6) 
C(146) 2183(9) 7993(9) 3238(8) 25(5) 
C(151) 3567(11) 5147(10) 4187(9) 37(6) 
C(152) 3085(14) 5362(13) 4563(11) 71(8) 
C(153) 3311(16) 4858(14) 3847(15) 91(10) 
C(154) 5092(11) 4882(9) 3906(8) 30(6) 
C(155) 5514(12) 4670(10) 4366(9) 38(7) 
C(156) 5560(12) 4819(10) 3490(9) 39(6) 
C(161) 8034(9) 6927(9) 3696(8) 28(6) 
C(162) 8310(12) 6532(10) 3316(9) 42(7) 
C(163) 7924(12) 6583(11) 4155(9) 44(7) 
C(164) 7994(9) 8109(8) 3223(7) 14(5) 
C(165) 7959(11) 8508(11) 2724(9) 40(7) 
C(166) 8134(12) 8480(10) 3620(9) 41(7) 
C(171) 2955(11) 11324(9) 2889(8) 31(6) 
C(172) 2911(11) 11167(9) 3355(8) 27(6) 
C(173) 2466(11) 11461(9) 3635(8) 31(6) 
C(174) 2048(11) 11910(10) 3448(8) 36(6) 
C(175) 2085(11) 12064(9) 2992(8) 38(6) 
C(176) 2555(10) 11764(9) 2720(8) 31(6) 
C(177) 1548(13) 12256(11) 3704(8) 45(7) 




C(182) 610(12) 9360(10) 2271(9) 39(7) 
C(183) 131(13) 9468(12) 3075(11) 67(8) 
C(184) 412(12) 7842(10) 3227(8) 39(6) 
C(185) 338(12) 7484(9) 2828(8) 33(6) 
C(186) 394(11) 7540(10) 3685(8) 31(6) 
C(191) 4515(14) 8509(12) 4212(9) 61(8) 
F(15L) 6157(6) 4916(5) 3527(4) 46(4) 
F(15C) 2519(6) 5660(6) 4421(4) 51(4) 
F(15B) 3362(7) 5725(5) 4802(5) 61(4) 
F(15A) 2971(6) 4993(5) 4872(5) 56(4) 
F(15K) 5304(7) 5184(6) 3133(4) 59(4) 
F(15J) 5660(6) 4346(5) 3328(5) 51(4) 
F(15F) 3528(8) 4774(7) 3488(6) 79(5) 
F(15E) 2696(10) 4895(10) 3940(8) 147(9) 
F(15D) 3476(12) 4263(10) 4075(8) 156(9) 
F(16I) 7759(6) 9007(5) 2765(4) 40(4) 
F(16L) 7620(6) 8850(5) 3685(5) 44(4) 
F(16H) 7613(6) 8324(6) 2450(4) 54(4) 
F(16F) 7774(6) 6117(5) 4095(4) 41(4) 
F(16G) 8590(6) 8439(5) 2565(5) 50(4) 
F(16C) 7875(6) 6280(5) 3193(5) 47(4) 
F(16K) 8636(6) 8706(5) 3495(5) 53(4) 
F(16E) 7459(7) 6858(5) 4409(4) 47(4) 
F(16J) 8263(6) 8173(5) 3985(4) 47(4) 
F(16B) 8524(6) 6810(6) 2974(5) 61(4) 
F(16D) 8480(6) 6484(5) 4373(5) 55(4) 
F(16A) 8836(7) 6177(5) 3492(5) 58(4) 
F(18A) 1077(6) 9092(5) 2059(4) 41(4) 
F(18H) 848(6) 7137(5) 2759(4) 39(4) 
F(18G) 193(6) 7786(5) 2446(5) 50(4) 
F(18I) -174(7) 7264(5) 2945(5) 54(4) 
F(18L) -205(6) 7623(6) 3824(4) 53(4) 
F(18E) -133(6) 9197(6) 3445(5) 60(4) 
F(15I) 5149(6) 4569(6) 4701(4) 49(4) 
F(18K) 622(6) 7033(6) 3694(5) 47(4) 




F(18J) 736(7) 7741(6) 3976(4) 56(4) 
F(18D) 503(6) 9753(6) 3230(5) 62(4) 
F(18C) 723(6) 9864(5) 2329(5) 52(4) 
F(15G) 5915(6) 4181(5) 4268(5) 48(4) 
F(18F) -409(6) 9817(6) 2890(6) 70(5) 
F(18B) 41(6) 9475(6) 2017(5) 64(4) 
F(112) 2976(6) 6102(5) 3784(4) 39(3) 
F(115) 5619(5) 5790(5) 3812(4) 34(3) 
F(122) 6821(5) 6658(5) 3692(4) 33(3) 
F(125) 6768(6) 8720(5) 3060(4) 37(3) 
F(142) 1605(5) 9339(5) 2811(4) 37(3) 
F(145) 1639(5) 7302(5) 3376(4) 41(4) 
F(151) 3996(7) 4764(6) 4460(6) 79(5) 
F(154) 4735(6) 4503(5) 3855(5) 44(4) 
F(161) 8507(6) 7169(5) 3804(5) 49(4) 
F(164) 8562(6) 7760(5) 3171(4) 43(4) 
F(181) -47(5) 8819(5) 2600(4) 40(4) 
F(185) -165(5) 8236(5) 3236(5) 43(4) 
Cu(2) 4899(2) 8238(1) 918(1) 29(1) 
N(21) 5009(8) 7489(7) 1149(6) 28(5) 
N(22) 6179(7) 7287(7) 1226(6) 19(4) 
N(23) 5828(8) 8208(7) 981(5) 23(5) 
N(24) 5909(9) 9127(8) 757(6) 36(5) 
N(25) 4801(9) 9012(7) 751(6) 29(5) 
N(26) 3613(8) 9241(8) 618(6) 32(5) 
N(27) 3970(9) 8298(7) 887(5) 20(4) 
N(28) 3860(9) 7383(8) 1121(6) 34(5) 
O(234) 3750(8) 11301(6) 218(5) 47(4) 
O(277) 2087(9) 13037(8) 1379(7) 71(6) 
O(278) 2680(9) 12583(8) 1965(6) 72(6) 
O(291) 4950(8) 8005(7) 142(5) 51(5) 
C(201) 5578(10) 7184(9) 1240(8) 27(5) 
C(202) 6290(11) 7747(10) 1107(7) 28(6) 
C(203) 6161(11) 8600(10) 884(8) 35(6) 
C(204) 5273(12) 9306(10) 694(8) 32(6) 




C(206) 3522(10) 8708(10) 755(7) 29(6) 
C(207) 3612(10) 7922(10) 1007(7) 29(6) 
C(208) 4504(10) 7207(9) 1181(7) 25(5) 
C(211) 4798(10) 6647(9) 1370(7) 26(6) 
C(212) 4559(10) 6210(10) 1435(8) 30(6) 
C(213) 4907(10) 5711(9) 1570(7) 26(6) 
C(214) 5577(10) 5694(10) 1671(8) 35(6) 
C(215) 5842(10) 6130(10) 1573(8) 34(6) 
C(216) 5449(10) 6624(9) 1412(8) 27(6) 
C(221) 6937(10) 7857(10) 1089(8) 29(6) 
C(222) 7552(10) 7591(10) 1198(8) 37(6) 
C(223) 8124(10) 7795(9) 1176(8) 29(6) 
C(224) 8038(11) 8316(10) 994(9) 42(6) 
C(225) 7414(10) 8614(9) 901(8) 25(6) 
C(226) 6860(10) 8411(10) 958(8) 39(6) 
C(231) 4984(10) 9853(9) 590(7) 24(5) 
C(232) 5249(12) 10304(10) 504(8) 42(7) 
C(233) 4796(12) 10779(10) 383(8) 42(7) 
C(234) 4172(11) 10804(9) 355(7) 31(6) 
C(235) 3872(10) 10369(9) 421(7) 27(6) 
C(236) 4328(12) 9908(10) 545(7) 32(6) 
C(241) 2889(10) 8597(10) 769(8) 29(6) 
C(242) 2235(11) 8926(11) 660(8) 37(6) 
C(243) 1679(9) 8687(10) 733(8) 28(6) 
C(244) 1759(10) 8122(11) 869(9) 43(6) 
C(245) 2373(11) 7832(10) 979(9) 40(6) 
C(246) 2948(10) 8095(10) 920(7) 29(6) 
C(251) 4571(11) 5278(11) 1595(9) 46(7) 
C(252) 4115(14) 5257(14) 2067(10) 74(9) 
C(253) 4166(15) 5276(12) 1174(11) 63(8) 
C(254) 6069(10) 5222(10) 1886(9) 38(6) 
C(255) 6527(11) 5335(9) 2238(8) 27(6) 
C(256) 6415(13) 4847(10) 1516(9) 43(7) 
C(261) 8703(11) 7463(10) 1373(9) 39(6) 
C(262) 9063(11) 7051(9) 1038(9) 35(6) 




C(264) 8623(11) 8640(10) 855(9) 40(6) 
C(265) 8587(15) 8962(12) 372(11) 64(8) 
C(266) 8693(13) 9068(12) 1174(11) 60(8) 
C(271) 3499(11) 11627(10) 564(9) 43(6) 
C(272) 3012(13) 12065(10) 419(9) 54(7) 
C(273) 2674(12) 12385(10) 722(9) 45(7) 
C(274) 2851(13) 12260(10) 1196(9) 51(7) 
C(275) 3326(12) 11894(10) 1309(9) 52(7) 
C(276) 3642(12) 11531(9) 994(8) 43(7) 
C(277) 2502(13) 12657(12) 1562(12) 67(8) 
C(281) 1014(10) 9091(10) 629(8) 32(6) 
C(282) 893(14) 9169(12) 89(9) 52(7) 
C(283) 924(12) 9640(11) 776(9) 48(7) 
C(284) 1225(11) 7805(11) 890(10) 49(7) 
C(285) 1422(14) 7256(13) 703(11) 66(9) 
C(286) 972(14) 7732(12) 1412(12) 69(8) 
C(291) 5467(13) 7560(11) 53(8) 62(9) 
F(25I) 7106(6) 5381(5) 2098(4) 45(4) 
F(25L) 6817(6) 5118(5) 1279(5) 50(4) 
F(25K) 6082(7) 4655(6) 1255(5) 57(4) 
F(25H) 6276(7) 5749(6) 2447(4) 56(4) 
F(25J) 6884(7) 4426(5) 1754(5) 61(4) 
F(25G) 6655(6) 4918(6) 2560(4) 52(4) 
F(25F) 3495(7) 5430(6) 1234(5) 69(5) 
F(25E) 4329(8) 5479(6) 811(5) 77(5) 
F(25D) 4139(7) 4742(6) 1091(6) 77(5) 
F(25C) 3687(8) 5694(8) 2110(6) 88(6) 
F(25B) 3778(7) 4835(7) 2019(6) 88(6) 
F(25A) 4508(8) 5145(7) 2413(6) 87(5) 
F(26C) 8706(6) 6748(5) 886(5) 46(4) 
F(26F) 8120(6) 7348(6) 2067(5) 56(4) 
F(26B) 9295(6) 7326(5) 664(5) 56(4) 
F(26A) 9614(6) 6754(5) 1207(5) 59(4) 
F(26E) 9173(7) 7052(6) 2089(5) 71(5) 
F(26D) 8553(6) 6616(6) 1799(5) 51(4) 




F(26L) 8192(8) 8749(7) 101(5) 77(5) 
F(26H) 8166(7) 9386(6) 1276(6) 72(5) 
F(26K) 9137(8) 8911(7) 211(6) 88(6) 
F(26J) 8276(7) 9476(7) 377(7) 89(6) 
F(26G) 8907(8) 8763(7) 1593(8) 113(7) 
F(28F) 1277(7) 9650(5) 1142(5) 53(4) 
F(28C) 1372(7) 9313(6) -146(4) 61(4) 
F(28E) 326(6) 9837(6) 864(5) 66(5) 
F(28L) 640(7) 8247(6) 1541(5) 62(4) 
F(28D) 1116(7) 10033(6) 469(5) 61(4) 
F(28K) 1444(6) 7570(6) 1703(6) 72(5) 
F(28J) 502(6) 7456(6) 1461(6) 75(5) 
F(28B) 321(7) 9451(6) 1(5) 77(5) 
F(28I) 1618(6) 6853(6) 1037(6) 75(5) 
F(28A) 864(8) 8668(8) -42(6) 94(6) 
F(28H) 1869(8) 7217(6) 433(6) 77(5) 
F(28G) 876(8) 7114(7) 565(7) 95(6) 
F(212) 3894(6) 6253(5) 1371(5) 49(4) 
F(215) 6471(6) 6135(5) 1619(4) 41(4) 
F(222) 7591(5) 7062(5) 1349(4) 29(3) 
F(225) 7316(6) 9145(5) 741(5) 47(4) 
F(242) 2209(6) 9431(6) 521(4) 43(4) 
F(245) 2478(6) 7349(5) 1144(5) 48(4) 
F(251) 4950(7) 4765(5) 1619(5) 58(4) 
F(254) 5720(7) 4892(5) 2156(4) 49(4) 
F(261) 9153(6) 7729(5) 1501(5) 57(4) 
F(264) 9179(6) 8303(6) 834(5) 62(4) 
F(281) 517(6) 8945(6) 810(5) 58(4) 
F(284) 693(6) 8011(6) 648(5) 66(5) 
Cu(3) 3605(2) 2972(1) 2471(1) 31(1) 
N(31) 2951(9) 3411(8) 2799(7) 40(5) 
N(32) 2961(8) 2921(8) 3505(6) 24(5) 
N(33) 3769(8) 2466(7) 3005(5) 24(5) 
N(34) 4615(8) 1793(8) 2738(7) 34(5) 
N(35) 4257(8) 2470(7) 2127(6) 23(5) 




N(37) 3446(9) 3453(7) 1940(6) 32(5) 
N(38) 2625(9) 4154(7) 2208(6) 30(5) 
O(334) 6333(8) 709(7) 1535(6) 51(5) 
O(377) 6258(7) -1668(7) 2079(5) 43(5) 
O(378) 5186(8) -1387(6) 1973(5) 41(4) 
O(391) 4542(9) 3357(7) 2762(6) 59(5) 
C(301) 2736(10) 3342(9) 3240(7) 20(5) 
C(302) 3434(11) 2544(9) 3392(8) 28(6) 
C(303) 4210(10) 1996(9) 3035(7) 26(6) 
C(304) 4621(11) 2013(10) 2308(9) 36(6) 
C(305) 4442(10) 2550(9) 1698(7) 22(6) 
C(306) 3728(12) 3356(10) 1527(8) 37(6) 
C(307) 2974(11) 3919(9) 1900(9) 36(6) 
C(308) 2597(10) 3925(10) 2634(8) 34(6) 
C(311) 2147(9) 4167(8) 3005(7) 15(5) 
C(312) 1736(11) 4665(9) 3023(8) 29(6) 
C(313) 1348(13) 4767(11) 3398(9) 55(7) 
C(314) 1419(12) 4383(11) 3783(8) 45(7) 
C(315) 1854(12) 3926(10) 3737(8) 36(6) 
C(316) 2232(11) 3807(10) 3354(8) 30(6) 
C(321) 3709(10) 2117(9) 3728(7) 25(6) 
C(322) 3602(10) 1958(9) 4176(8) 28(6) 
C(323) 3956(11) 1512(10) 4440(8) 34(6) 
C(324) 4428(10) 1147(9) 4167(7) 22(5) 
C(325) 4523(10) 1325(10) 3728(9) 35(6) 
C(326) 4190(10) 1769(9) 3529(7) 24(6) 
C(331) 5082(11) 1773(10) 1951(8) 37(6) 
C(332) 5515(10) 1299(9) 1975(8) 28(6) 
C(333) 5832(11) 1166(9) 1567(8) 33(6) 
C(334) 5698(11) 1539(10) 1145(8) 38(6) 
C(335) 5289(11) 1984(10) 1161(9) 40(7) 
C(336) 4934(11) 2122(9) 1559(7) 28(6) 
C(341) 3350(11) 3784(10) 1169(8) 33(6) 
C(342) 3380(13) 3863(10) 718(8) 46(7) 
C(343) 3092(12) 4267(10) 470(9) 41(6) 




C(345) 2592(11) 4559(10) 1172(8) 39(6) 
C(346) 2971(10) 4110(9) 1390(8) 29(6) 
C(351) 1034(17) 5366(13) 3428(11) 81(9) 
C(352) 1469(17) 5760(13) 3187(11) 73(9) 
C(353) 470(16) 5431(14) 3162(15) 99(10) 
C(354) 1030(12) 4435(10) 4248(9) 43(6) 
C(355) 1457(16) 4511(13) 4665(11) 73(9) 
C(356) 733(12) 3926(10) 4406(7) 30(6) 
C(361) 3789(11) 1456(10) 4949(8) 36(6) 
C(362) 3660(13) 1995(10) 5181(7) 37(7) 
C(363) 3196(11) 1159(11) 5052(8) 38(7) 
C(364) 4828(10) 587(10) 4346(8) 33(6) 
C(365) 5540(11) 625(9) 4452(8) 25(6) 
C(366) 4823(11) 140(10) 4027(8) 31(6) 
C(371) 6136(12) 226(10) 1650(8) 39(6) 
C(372) 6666(12) -207(10) 1759(8) 42(7) 
C(373) 6550(12) -675(11) 1861(7) 40(7) 
C(374) 5913(12) -801(11) 1896(8) 42(7) 
C(375) 5398(13) -359(10) 1762(8) 46(7) 
C(376) 5508(12) 183(11) 1635(7) 44(7) 
C(377) 5746(11) -1299(9) 1968(8) 25(6) 
C(381) 3256(14) 4283(10) -47(8) 45(7) 
C(382) 2962(15) 3963(11) -288(9) 55(8) 
C(383) 3966(15) 4216(12) -151(9) 58(8) 
C(384) 2048(12) 5100(9) 497(9) 47(7) 
C(385) 1372(12) 5120(12) 703(10) 56(8) 
C(386) 2294(14) 5665(10) 458(9) 47(7) 
C(391) 4449(18) 3907(12) 2782(11) 113(13) 
F(35I) 1991(7) 4212(6) 4703(5) 70(5) 
F(35H) 1054(8) 4571(6) 5018(5) 67(5) 
F(35G) 1590(8) 5027(7) 4571(5) 78(5) 
F(35C) 1379(9) 5977(7) 2806(7) 108(6) 
F(35B) 2181(9) 5558(7) 3191(7) 105(6) 
F(35A) 1503(11) 6167(9) 3447(9) 150(8) 
F(35F) 43(8) 5236(6) 3457(6) 84(5) 




F(35D) 481(8) 5408(9) 2727(6) 116(7) 
F(36I) 5850(6) 836(5) 4101(4) 37(3) 
F(36L) 4280(6) 232(5) 3802(4) 43(4) 
F(36K) 5328(6) 51(5) 3763(4) 40(4) 
F(36J) 4809(6) -310(5) 4296(4) 40(4) 
F(36H) 5546(6) 924(5) 4797(4) 43(4) 
F(36F) 3335(6) 675(5) 4883(4) 45(4) 
F(36G) 5880(6) 161(6) 4570(4) 48(4) 
F(36C) 3026(7) 2216(6) 5213(4) 60(4) 
F(36E) 2671(6) 1427(5) 4852(5) 55(4) 
F(36B) 3998(7) 2329(6) 4995(5) 62(5) 
F(36A) 3854(9) 1863(6) 5611(5) 85(5) 
F(36D) 3111(6) 1078(6) 5479(5) 60(4) 
F(38I) 1245(7) 5513(6) 999(5) 70(5) 
F(35L) 1067(7) 3586(6) 4671(5) 61(4) 
F(38F) 4299(8) 3737(6) -254(4) 64(5) 
F(38E) 4350(7) 4335(6) 171(5) 66(5) 
F(35K) 644(7) 3652(5) 4051(5) 57(4) 
F(38D) 4096(7) 4572(6) -516(4) 63(5) 
F(35J) 155(8) 4083(6) 4603(5) 64(4) 
F(38L) 2381(7) 5786(6) 879(5) 64(4) 
F(38C) 3078(7) 3459(6) -134(5) 66(5) 
F(38K) 2863(8) 5604(6) 252(5) 68(5) 
F(38H) 1272(6) 4692(6) 906(5) 62(5) 
F(38G) 946(7) 5321(6) 359(6) 80(5) 
F(38J) 1859(8) 6028(5) 247(5) 73(5) 
F(38B) 3176(10) 3936(6) -737(4) 87(6) 
F(38A) 2317(8) 4091(6) -306(6) 84(5) 
F(312) 1669(6) 4990(4) 2658(4) 36(4) 
F(315) 1961(6) 3516(5) 4100(4) 48(4) 
F(322) 3120(6) 2257(5) 4389(4) 42(4) 
F(325) 4981(6) 978(5) 3480(4) 30(3) 
F(342) 3894(8) 3509(6) 521(4) 66(5) 
F(345) 2182(6) 4948(5) 1408(5) 52(4) 
F(351) 967(8) 5574(7) 3852(6) 82(5) 




F(361) 4323(6) 1164(5) 5166(4) 43(4) 
F(364) 4574(5) 402(4) 4747(4) 28(3) 
F(381) 3056(8) 4809(6) -243(4) 67(5) 
F(384) 1986(7) 5023(5) 31(5) 61(4) 
Cu(4) 460(2) 1914(1) 2777(1) 32(1) 
N(41) -88(9) 2394(8) 3178(6) 37(5) 
N(42) 87(8) 1872(7) 3895(6) 26(5) 
N(43) 688(8) 1399(7) 3297(6) 24(5) 
N(44) 1484(8) 704(7) 2914(6) 27(5) 
N(45) 1087(8) 1470(7) 2388(6) 24(5) 
N(46) 1012(9) 2057(8) 1700(6) 30(5) 
N(47) 291(8) 2488(8) 2279(6) 30(5) 
N(48) -469(9) 3144(8) 2647(6) 41(5) 
O(434) 3117(8) -195(7) 1601(6) 53(5) 
O(477) 2604(8) -2471(7) 2232(7) 69(6) 
O(478) 3683(9) -2630(8) 2314(8) 79(6) 
O(491) -455(8) 1536(7) 2584(6) 46(5) 
C(401) -137(12) 2266(11) 3657(8) 40(6) 
C(402) 501(11) 1462(9) 3730(8) 30(6) 
C(403) 1164(12) 950(10) 3257(8) 35(6) 
C(404) 1430(11) 988(9) 2503(7) 25(6) 
C(405) 1231(10) 1600(9) 1957(7) 25(6) 
C(406) 605(10) 2438(10) 1860(8) 28(6) 
C(407) -90(11) 2947(11) 2302(8) 43(7) 
C(408) -439(11) 2874(10) 3042(8) 36(6) 
C(411) -778(11) 3129(11) 3467(9) 44(6) 
C(412) -1174(11) 3612(10) 3525(8) 33(6) 
C(413) -1400(11) 3754(11) 3976(9) 46(7) 
C(414) -1292(11) 3331(10) 4318(7) 32(6) 
C(415) -908(11) 2831(11) 4258(8) 38(7) 
C(416) -626(11) 2723(10) 3814(8) 35(6) 
C(421) 843(11) 1001(10) 4041(8) 32(6) 
C(422) 874(11) 914(9) 4491(7) 26(6) 
C(423) 1216(10) 396(9) 4680(7) 22(5) 
C(424) 1619(10) 38(8) 4391(8) 24(5) 




C(426) 1222(12) 643(10) 3773(8) 37(6) 
C(431) 1801(10) 774(9) 2139(7) 23(6) 
C(432) 2246(11) 318(10) 2064(8) 34(6) 
C(433) 2587(11) 260(10) 1668(8) 39(6) 
C(434) 2511(11) 664(9) 1316(7) 30(6) 
C(435) 2084(12) 1074(10) 1375(8) 39(6) 
C(436) 1714(11) 1159(10) 1821(8) 36(6) 
C(441) 329(12) 2962(10) 1594(9) 38(6) 
C(442) 427(13) 3111(11) 1141(10) 48(7) 
C(443) 75(13) 3639(10) 944(8) 46(7) 
C(444) -400(12) 3961(12) 1248(9) 54(7) 
C(445) -435(10) 3732(10) 1681(9) 36(6) 
C(446) -114(11) 3261(10) 1852(9) 36(6) 
C(451) -1691(11) 4345(9) 4011(8) 29(6) 
C(452) -2391(14) 4491(11) 3900(11) 57(8) 
C(453) -1265(13) 4685(11) 3776(10) 56(8) 
C(454) -1633(11) 3328(10) 4803(8) 40(6) 
C(455) -1197(12) 3410(11) 5203(10) 52(7) 
C(456) -1942(12) 2875(10) 4936(9) 42(7) 
C(461) 1093(11) 324(10) 5185(8) 33(6) 
C(462) 396(13) 527(11) 5386(9) 49(7) 
C(463) 1570(12) 552(11) 5485(8) 36(7) 
C(464) 2114(11) -444(10) 4543(8) 38(6) 
C(465) 2813(12) -439(13) 4322(9) 57(8) 
C(466) 1895(12) -998(9) 4437(9) 39(7) 
C(471) 3099(12) -690(11) 1764(8) 41(6) 
C(472) 3677(11) -1002(10) 1870(8) 39(6) 
C(473) 3736(11) -1578(10) 2028(8) 43(7) 
C(474) 3128(12) -1751(10) 2044(9) 46(7) 
C(475) 2562(11) -1429(11) 1954(9) 50(7) 
C(476) 2527(12) -890(10) 1796(8) 44(7) 
C(477) 3160(13) -2311(11) 2197(10) 56(8) 
C(481) 253(13) 3756(10) 479(8) 40(7) 
C(482) -138(16) 3464(14) 138(12) 85(9) 
C(483) 977(14) 3675(11) 316(9) 50(8) 




C(485) -1498(18) 4573(14) 1203(13) 92(10) 
C(486) -614(13) 4867(14) 1196(11) 68(9) 
C(491) -338(16) 1060(12) 2308(14) 115(13) 
F(45C) -2469(6) 4444(6) 3438(5) 55(4) 
F(45I) -638(7) 3091(5) 5200(4) 52(4) 
F(45L) -1536(7) 2468(6) 5203(5) 56(4) 
F(45B) -2805(7) 4293(6) 4119(5) 53(4) 
F(45A) -2578(7) 5033(6) 3885(5) 69(5) 
F(45F) -632(7) 4443(5) 3734(5) 57(4) 
F(45E) -1226(7) 5090(6) 4040(5) 69(5) 
F(45K) -2487(7) 3018(6) 5190(5) 67(5) 
F(45J) -2119(7) 2616(6) 4600(5) 65(4) 
F(45D) -1436(7) 4934(5) 3363(5) 56(4) 
F(45H) -1052(7) 3943(6) 5115(5) 66(5) 
F(45G) -1505(7) 3427(6) 5583(5) 63(5) 
F(46C) 221(7) 186(5) 5711(4) 49(4) 
F(46F) 2169(6) 338(6) 5390(4) 49(4) 
F(46B) -64(6) 532(5) 5055(5) 52(4) 
F(46E) 1497(7) 1059(6) 5392(5) 57(4) 
F(46I) 2919(7) 22(6) 4188(5) 52(4) 
F(46L) 2340(7) -1412(5) 4565(5) 61(4) 
F(46D) 1438(7) 445(5) 5921(4) 52(4) 
F(46A) 271(7) 985(6) 5542(4) 51(4) 
F(46K) 1350(7) -1005(5) 4707(5) 59(4) 
F(46J) 1699(8) -1013(5) 4029(5) 66(5) 
F(46H) 2959(7) -776(6) 3963(5) 67(5) 
F(46G) 3245(7) -689(7) 4640(5) 70(5) 
F(48C) 60(7) 2941(6) 189(5) 71(5) 
F(48F) 1193(7) 3177(7) 151(5) 73(5) 
F(48E) 1376(8) 3645(7) 677(6) 81(5) 
F(48D) 1125(9) 4041(7) 12(5) 83(5) 
F(48I) -1750(7) 4734(7) 1603(6) 80(5) 
F(48B) -9(8) 3644(7) -304(5) 87(6) 
F(48L) -524(10) 4944(6) 1642(6) 98(6) 
F(48A) -806(7) 3642(7) 235(7) 96(6) 




F(48H) -1988(10) 4731(9) 944(6) 135(8) 
F(48G) -1743(8) 4000(10) 1315(7) 135(8) 
F(48J) -1141(11) 5375(8) 1064(6) 128(8) 
F(412) -1276(6) 3971(5) 3169(4) 44(4) 
F(415) -780(6) 2462(5) 4557(4) 46(4) 
F(422) 539(6) 1253(5) 4741(4) 36(3) 
F(425) 1972(6) -117(5) 3643(4) 37(3) 
F(442) 841(6) 2805(5) 888(4) 44(4) 
F(445) -848(6) 4068(5) 1971(5) 52(4) 
F(451) -1687(6) 4460(5) 4453(5) 47(4) 
F(454) -2163(6) 3751(6) 4791(4) 49(4) 
F(461) 1185(6) -233(5) 5294(4) 38(3) 
F(464) 2222(6) -485(6) 4994(4) 51(4) 
F(481) 105(8) 4296(7) 347(5) 84(5) 





Table E. 3. Bond lengths [Å] and angles [°] for F48H7COOHPcCu•MeOH, [2-14]. 
 
Cu(1)-N(11)  1.930(19) 
Cu(1)-N(13)  1.942(18) 
Cu(1)-N(17)  1.969(17) 
Cu(1)-N(15)  2.015(19) 
Cu(1)-O(191)  2.353(17) 
 
N(11)-C(108)  1.40(2) 
N(11)-C(101)  1.41(3) 
N(12)-C(102)  1.28(2) 
N(12)-C(101)  1.32(2) 
N(13)-C(103)  1.34(3) 
N(13)-C(102)  1.43(2) 
N(14)-C(104)  1.30(2) 
N(14)-C(103)  1.32(3) 
N(15)-C(105)  1.31(2) 
N(15)-C(104)  1.36(2) 
N(16)-C(105)  1.30(2) 
N(16)-C(106)  1.34(2) 
N(17)-C(106)  1.33(2) 
N(17)-C(107)  1.36(3) 
N(18)-C(108)  1.25(2) 
N(18)-C(107)  1.31(2) 
O(134)-C(171)  1.39(3) 
O(134)-C(134)  1.41(2) 
O(177)-C(177)  1.19(3) 
O(178)-C(177)  1.40(3) 
O(178)-H(178)  0.8402 
O(191)-C(191)  1.42(3) 
O(191)-H(191)  0.8(2) 
C(101)-C(116)  1.40(3) 
C(102)-C(121)  1.51(3) 
C(103)-C(126)  1.56(3) 
C(104)-C(131)  1.39(3) 
C(105)-C(136)  1.39(3) 
C(106)-C(141)  1.48(3) 
C(107)-C(146)  1.51(3) 
C(108)-C(111)  1.54(3) 
C(111)-C(116)  1.36(3) 
C(111)-C(112)  1.37(3) 
C(112)-F(112)  1.33(2) 
C(112)-C(113)  1.38(3) 
C(113)-C(114)  1.38(3) 
C(113)-C(151)  1.55(3) 
C(114)-C(115)  1.32(3) 
C(114)-C(154)  1.53(3) 
C(115)-F(115)  1.39(2) 
C(115)-C(116)  1.48(3) 
C(121)-C(126)  1.31(3) 
C(121)-C(122)  1.41(3) 
C(122)-F(122)  1.34(2) 
C(122)-C(123)  1.35(3) 
C(123)-C(124)  1.43(3) 
C(123)-C(161)  1.57(3) 
C(124)-C(125)  1.44(3) 
C(124)-C(164)  1.45(3) 
C(125)-F(125)  1.33(3) 
C(125)-C(126)  1.45(3) 
C(131)-C(136)  1.39(3) 
C(131)-C(132)  1.41(3) 
C(132)-C(133)  1.37(3) 
C(132)-H(13A)  0.9500 
C(133)-C(134)  1.41(3) 
C(133)-H(13B)  0.9500 




C(135)-C(136)  1.47(3) 
C(135)-H(13C)  0.9500 
C(141)-C(142)  1.36(3) 
C(141)-C(146)  1.38(3) 
C(142)-F(142)  1.35(2) 
C(142)-C(143)  1.33(3) 
C(143)-C(144)  1.47(3) 
C(143)-C(181)  1.61(3) 
C(144)-C(145)  1.31(3) 
C(144)-C(184)  1.62(3) 
C(145)-C(146)  1.32(3) 
C(145)-F(145)  1.37(2) 
C(151)-F(151)  1.41(3) 
C(151)-C(153)  1.47(4) 
C(151)-C(152)  1.54(4) 
C(152)-F(15A)  1.31(3) 
C(152)-F(15C)  1.33(3) 
C(152)-F(15B)  1.43(3) 
C(153)-F(15F)  1.16(4) 
C(153)-F(15E)  1.29(3) 
C(153)-F(15D)  1.59(4) 
C(154)-F(154)  1.36(2) 
C(154)-C(156)  1.55(3) 
C(154)-C(155)  1.64(3) 
C(155)-F(15I)  1.27(3) 
C(155)-F(15H)  1.28(2) 
C(155)-F(15G)  1.41(3) 
C(156)-F(15J)  1.32(2) 
C(156)-F(15L)  1.33(2) 
C(156)-F(15K)  1.40(3) 
C(161)-F(161)  1.33(2) 
C(161)-C(163)  1.60(3) 
C(161)-C(162)  1.59(3) 
C(162)-F(16C)  1.29(2) 
C(162)-F(16B)  1.31(3) 
C(162)-F(16A)  1.36(2) 
C(163)-F(16D)  1.31(2) 
C(163)-F(16F)  1.32(3) 
C(163)-F(16E)  1.33(3) 
C(164)-F(164)  1.35(2) 
C(164)-C(166)  1.64(3) 
C(164)-C(165)  1.72(3) 
C(165)-F(16H)  1.28(2) 
C(165)-F(16I)  1.28(2) 
C(165)-F(16G)  1.37(2) 
C(166)-F(16J)  1.29(3) 
C(166)-F(16L)  1.30(2) 
C(166)-F(16K)  1.33(3) 
C(171)-C(176)  1.33(3) 
C(171)-C(172)  1.41(3) 
C(172)-C(173)  1.38(3) 
C(172)-H(17A)  0.9500 
C(173)-C(174)  1.38(3) 
C(173)-H(17B)  0.9500 
C(174)-C(175)  1.38(3) 
C(174)-C(177)  1.46(3) 
C(175)-C(176)  1.40(3) 
C(175)-H(17C)  0.9500 
C(176)-H(176)  0.9500 
C(181)-F(181)  1.39(2) 
C(181)-C(183)  1.48(4) 
C(181)-C(182)  1.59(3) 
C(182)-F(18A)  1.26(3) 
C(182)-F(18B)  1.39(2) 
C(182)-F(18C)  1.38(3) 
C(183)-F(18D)  1.28(3) 
C(183)-F(18F)  1.39(3) 
C(183)-F(18E)  1.41(3) 
C(184)-F(185)  1.41(2) 
C(184)-C(186)  1.51(3) 
C(184)-C(185)  1.58(3) 




C(185)-F(18G)  1.33(2) 
C(185)-F(18I)  1.33(2) 
C(186)-F(18K)  1.29(2) 
C(186)-F(18L)  1.29(2) 
C(186)-F(18J)  1.33(2) 
C(191)-H(191)  0.9(3) 
C(191)-H(19A)  0.9800 
C(191)-H(19B)  0.9800 
C(191)-H(19C)  0.9800 
 
Cu(2)-N(27)  1.919(18) 
Cu(2)-N(23)  1.939(18) 
Cu(2)-N(21)  1.957(19) 
Cu(2)-N(25)  1.976(19) 
Cu(2)-O(291)  2.413(17) 
 
N(21)-C(201)  1.31(2) 
N(21)-C(208)  1.39(3) 
N(22)-C(202)  1.27(2) 
N(22)-C(201)  1.33(2) 
N(23)-C(203)  1.34(3) 
N(23)-C(202)  1.40(3) 
N(24)-C(204)  1.33(3) 
N(24)-C(203)  1.38(3) 
N(25)-C(204)  1.35(3) 
N(25)-C(205)  1.38(3) 
N(26)-C(205)  1.30(3) 
N(26)-C(206)  1.44(3) 
N(27)-C(206)  1.30(2) 
N(27)-C(207)  1.35(3) 
N(28)-C(208)  1.34(2) 
N(28)-C(207)  1.39(3) 
O(234)-C(271)  1.40(3) 
O(234)-C(234)  1.43(2) 
O(277)-C(277)  1.27(3) 
O(277)-H(277)  0.8401 
O(278)-C(277)  1.25(3) 
O(291)-C(291)  1.44(3) 
O(291)-H(291)  2.8(2) 
C(201)-C(216)  1.56(3) 
C(202)-C(221)  1.43(3) 
C(203)-C(226)  1.46(3) 
C(204)-C(231)  1.42(3) 
C(205)-C(236)  1.55(3) 
C(206)-C(241)  1.41(3) 
C(207)-C(246)  1.39(3) 
C(208)-C(211)  1.51(3) 
C(211)-C(212)  1.31(3) 
C(211)-C(216)  1.36(3) 
C(212)-F(212)  1.39(2) 
C(212)-C(213)  1.37(3) 
C(213)-C(214)  1.43(3) 
C(213)-C(251)  1.42(3) 
C(214)-C(215)  1.35(3) 
C(214)-C(254)  1.53(3) 
C(215)-F(215)  1.33(2) 
C(215)-C(216)  1.42(3) 
C(221)-C(222)  1.36(3) 
C(221)-C(226)  1.42(3) 
C(222)-F(222)  1.38(2) 
C(222)-C(223)  1.39(3) 
C(223)-C(224)  1.38(3) 
C(223)-C(261)  1.44(3) 
C(224)-C(225)  1.39(3) 
C(224)-C(264)  1.63(3) 
C(225)-C(226)  1.36(3) 
C(225)-F(225)  1.38(2) 
C(231)-C(236)  1.36(3) 
C(231)-C(232)  1.38(3) 
C(232)-C(233)  1.41(3) 
C(232)-H(23A)  0.9500 




C(233)-H(23B)  0.9500 
C(234)-C(235)  1.38(3) 
C(235)-C(236)  1.39(3) 
C(235)-H(23C)  0.9500 
C(241)-C(246)  1.31(3) 
C(241)-C(242)  1.48(3) 
C(242)-F(242)  1.32(3) 
C(242)-C(243)  1.42(3) 
C(243)-C(244)  1.45(3) 
C(243)-C(281)  1.58(3) 
C(244)-C(245)  1.38(3) 
C(244)-C(284)  1.50(3) 
C(245)-F(245)  1.27(2) 
C(245)-C(246)  1.49(3) 
C(251)-F(251)  1.39(3) 
C(251)-C(253)  1.53(4) 
C(251)-C(252)  1.67(4) 
C(252)-F(25C)  1.30(3) 
C(252)-F(25A)  1.31(3) 
C(252)-F(25B)  1.42(3) 
C(253)-F(25E)  1.22(3) 
C(253)-F(25F)  1.39(3) 
C(253)-F(25D)  1.42(3) 
C(254)-F(254)  1.41(2) 
C(254)-C(255)  1.52(3) 
C(254)-C(256)  1.58(3) 
C(255)-F(25H)  1.28(2) 
C(255)-F(25I)  1.29(2) 
C(255)-F(25G)  1.37(2) 
C(256)-F(25K)  1.25(3) 
C(256)-F(25L)  1.34(3) 
C(256)-F(25J)  1.45(2) 
C(261)-F(261)  1.35(2) 
C(261)-C(262)  1.57(3) 
C(261)-C(263)  1.58(4) 
C(262)-F(26C)  1.29(2) 
C(262)-F(26A)  1.33(2) 
C(262)-F(26B)  1.39(3) 
C(263)-F(26F)  1.32(3) 
C(263)-F(26D)  1.32(3) 
C(263)-F(26E)  1.37(3) 
C(264)-F(264)  1.30(2) 
C(264)-C(266)  1.53(4) 
C(264)-C(265)  1.59(4) 
C(265)-F(26K)  1.22(3) 
C(265)-F(26J)  1.35(3) 
C(265)-F(26L)  1.38(3) 
C(266)-F(26I)  1.23(2) 
C(266)-F(26H)  1.28(3) 
C(266)-F(26G)  1.45(3) 
C(271)-C(276)  1.31(3) 
C(271)-C(272)  1.40(3) 
C(272)-C(273)  1.35(3) 
C(272)-H(27A)  0.9500 
C(273)-C(274)  1.46(3) 
C(273)-H(27B)  0.9500 
C(274)-C(275)  1.25(3) 
C(274)-C(277)  1.60(4) 
C(275)-C(276)  1.42(3) 
C(275)-H(27C)  0.9500 
C(276)-H(27D)  0.9500 
C(281)-F(281)  1.26(2) 
C(281)-C(283)  1.48(3) 
C(281)-C(282)  1.62(3) 
C(282)-F(28B)  1.29(3) 
C(282)-F(28C)  1.30(3) 
C(282)-F(28A)  1.38(3) 
C(283)-F(28E)  1.28(2) 
C(283)-F(28F)  1.33(3) 
C(283)-F(28D)  1.41(3) 
C(284)-F(284)  1.33(3) 




C(284)-C(286)  1.63(4) 
C(285)-F(28H)  1.20(3) 
C(285)-F(28G)  1.35(3) 
C(285)-F(28I)  1.38(3) 
C(286)-F(28J)  1.32(3) 
C(286)-F(28K)  1.31(3) 
C(286)-F(28L)  1.44(3) 
C(291)-H(29A)  0.9800 
C(291)-H(29B)  0.9800 
C(291)-H(29C)  0.9800 
 
Cu(3)-N(31)  1.89(2) 
Cu(3)-N(37)  1.913(19) 
Cu(3)-N(33)  1.954(17) 
Cu(3)-N(35)  1.994(18) 
 
N(31)-C(301)  1.38(3) 
N(31)-C(308)  1.43(3) 
N(32)-C(302)  1.29(2) 
N(32)-C(301)  1.30(2) 
N(33)-C(302)  1.33(3) 
N(33)-C(303)  1.36(2) 
N(34)-C(303)  1.27(2) 
N(34)-C(304)  1.35(3) 
N(35)-C(304)  1.34(3) 
N(35)-C(305)  1.33(2) 
N(36)-C(305)  1.30(2) 
N(36)-C(306)  1.33(3) 
N(37)-C(306)  1.36(3) 
N(37)-C(307)  1.39(3) 
N(38)-C(307)  1.26(3) 
N(38)-C(308)  1.35(3) 
O(334)-C(371)  1.40(3) 
O(334)-C(333)  1.41(2) 
O(377)-C(377)  1.31(2) 
O(377)-H(377)  0.8423 
O(378)-C(377)  1.24(2) 
O(391)-C(391)  1.39(3) 
O(391)-H(391)  0.8400 
C(301)-C(316)  1.48(3) 
C(302)-C(321)  1.46(3) 
C(303)-C(326)  1.53(3) 
C(304)-C(331)  1.49(3) 
C(305)-C(336)  1.42(3) 
C(306)-C(341)  1.57(3) 
C(307)-C(346)  1.55(3) 
C(308)-C(311)  1.51(3) 
C(311)-C(316)  1.32(3) 
C(311)-C(312)  1.39(3) 
C(312)-F(312)  1.30(2) 
C(312)-C(313)  1.37(3) 
C(313)-C(314)  1.44(3) 
C(313)-C(351)  1.55(4) 
C(314)-C(315)  1.34(3) 
C(314)-C(354)  1.58(3) 
C(315)-C(316)  1.38(3) 
C(315)-F(315)  1.43(2) 
C(321)-C(326)  1.36(3) 
C(321)-C(322)  1.38(3) 
C(322)-F(322)  1.32(2) 
C(322)-C(323)  1.42(3) 
C(323)-C(324)  1.48(3) 
C(323)-C(361)  1.54(3) 
C(324)-C(325)  1.36(3) 
C(324)-C(364)  1.57(3) 
C(325)-C(326)  1.31(3) 
C(325)-F(325)  1.40(2) 
C(331)-C(332)  1.36(3) 
C(331)-C(336)  1.41(3) 




C(332)-H(33A)  0.9500 
C(333)-C(334)  1.51(3) 
C(334)-C(335)  1.29(3) 
C(334)-H(33B)  0.9500 
C(335)-C(336)  1.41(3) 
C(335)-H(33C)  0.9500 
C(341)-C(346)  1.24(3) 
C(341)-C(342)  1.34(3) 
C(342)-C(343)  1.27(3) 
C(342)-F(342)  1.40(2) 
C(343)-C(344)  1.36(3) 
C(343)-C(381)  1.56(3) 
C(344)-C(345)  1.42(3) 
C(344)-C(384)  1.64(3) 
C(345)-C(346)  1.38(3) 
C(345)-F(345)  1.40(3) 
C(351)-F(351)  1.39(3) 
C(351)-C(353)  1.41(5) 
C(351)-C(352)  1.60(4) 
C(352)-F(35C)  1.22(3) 
C(352)-F(35A)  1.36(3) 
C(352)-F(35B)  1.47(3) 
C(353)-F(35D)  1.29(4) 
C(353)-F(35F)  1.37(4) 
C(353)-F(35E)  1.69(4) 
C(354)-F(354)  1.36(2) 
C(354)-C(356)  1.58(3) 
C(354)-C(355)  1.59(4) 
C(355)-F(35I)  1.22(3) 
C(355)-F(35H)  1.32(3) 
C(355)-F(35G)  1.41(3) 
C(356)-F(35L)  1.24(2) 
C(356)-F(35J)  1.33(2) 
C(356)-F(35K)  1.35(2) 
C(361)-F(361)  1.36(2) 
C(361)-C(363)  1.59(3) 
C(361)-C(362)  1.57(3) 
C(362)-F(36B)  1.29(3) 
C(362)-F(36A)  1.34(2) 
C(362)-F(36C)  1.33(3) 
C(363)-F(36E)  1.30(2) 
C(363)-F(36D)  1.28(2) 
C(363)-F(36F)  1.35(3) 
C(364)-F(364)  1.38(2) 
C(364)-C(366)  1.54(3) 
C(364)-C(365)  1.55(3) 
C(365)-F(36G)  1.29(2) 
C(365)-F(36H)  1.32(2) 
C(365)-F(36I)  1.34(2) 
C(366)-F(36K)  1.29(2) 
C(366)-F(36L)  1.30(2) 
C(366)-F(36J)  1.35(2) 
C(371)-C(376)  1.34(3) 
C(371)-C(372)  1.43(3) 
C(372)-C(373)  1.28(3) 
C(372)-H(37A)  0.9500 
C(373)-C(374)  1.43(3) 
C(373)-H(37B)  0.9500 
C(374)-C(377)  1.39(3) 
C(374)-C(375)  1.43(3) 
C(375)-C(376)  1.47(3) 
C(375)-H(37C)  0.9500 
C(376)-H(376)  0.9500 
C(381)-C(382)  1.37(3) 
C(381)-F(381)  1.41(3) 
C(381)-C(383)  1.48(4) 
C(382)-F(38C)  1.31(3) 
C(382)-F(38A)  1.32(3) 
C(382)-F(38B)  1.39(3) 
C(383)-F(38F)  1.34(3) 
C(383)-F(38E)  1.35(3) 




C(384)-F(384)  1.42(3) 
C(384)-C(385)  1.51(3) 
C(384)-C(386)  1.63(3) 
C(385)-F(38H)  1.26(3) 
C(385)-F(38G)  1.37(3) 
C(385)-F(38I)  1.37(3) 
C(386)-F(38J)  1.30(3) 
C(386)-F(38K)  1.30(3) 
C(386)-F(38L)  1.34(3) 
C(391)-H(39A)  0.9801 
C(391)-H(39B)  0.9801 
C(391)-H(39C)  0.9801 
 
Cu(4)-N(41)  1.956(19) 
Cu(4)-N(43)  1.952(18) 
Cu(4)-N(45)  1.965(18) 
Cu(4)-N(47)  1.982(18) 
Cu(4)-O(491)  2.410(17) 
Cu(4)-H(491)  1.5(2) 
 
N(41)-C(408)  1.34(3) 
N(41)-C(401)  1.43(3) 
N(42)-C(401)  1.20(3) 
N(42)-C(402)  1.34(3) 
N(43)-C(402)  1.34(3) 
N(43)-C(403)  1.37(3) 
N(44)-C(403)  1.33(3) 
N(44)-C(404)  1.36(3) 
N(45)-C(405)  1.33(3) 
N(45)-C(404)  1.32(2) 
N(46)-C(406)  1.27(2) 
N(46)-C(405)  1.35(3) 
N(47)-C(407)  1.29(3) 
N(47)-C(406)  1.39(3) 
N(48)-C(408)  1.31(3) 
N(48)-C(407)  1.34(3) 
O(434)-C(471)  1.33(3) 
O(434)-C(433)  1.46(2) 
O(477)-C(477)  1.31(3) 
O(478)-C(477)  1.26(3) 
O(478)-H(478)  0.8402 
O(491)-C(491)  1.50(3) 
O(491)-H(491)  1.3(2) 
C(401)-C(416)  1.49(3) 
C(402)-C(421)  1.51(3) 
C(403)-C(426)  1.66(3) 
C(404)-C(431)  1.39(3) 
C(405)-C(436)  1.43(3) 
C(406)-C(441)  1.52(3) 
C(407)-C(446)  1.50(3) 
C(408)-C(411)  1.55(3) 
C(411)-C(412)  1.36(3) 
C(411)-C(416)  1.40(3) 
C(412)-F(412)  1.33(3) 
C(412)-C(413)  1.45(3) 
C(413)-C(414)  1.41(3) 
C(413)-C(451)  1.53(3) 
C(414)-C(415)  1.39(3) 
C(414)-C(454)  1.58(3) 
C(415)-F(415)  1.23(3) 
C(415)-C(416)  1.45(3) 
C(421)-C(422)  1.34(3) 
C(421)-C(426)  1.37(3) 
C(422)-F(422)  1.27(2) 
C(422)-C(423)  1.45(3) 
C(423)-C(424)  1.44(3) 
C(423)-C(461)  1.51(3) 
C(424)-C(425)  1.44(3) 
C(424)-C(464)  1.49(3) 
C(425)-F(425)  1.26(2) 
C(425)-C(426)  1.35(3) 




C(431)-C(432)  1.37(3) 
C(432)-C(433)  1.36(3) 
C(432)-H(43A)  0.9500 
C(433)-C(434)  1.40(3) 
C(434)-C(435)  1.26(3) 
C(434)-H(434)  0.9500 
C(435)-C(436)  1.52(3) 
C(435)-H(43D)  0.9500 
C(441)-C(446)  1.34(3) 
C(441)-C(442)  1.39(3) 
C(442)-F(442)  1.30(3) 
C(442)-C(443)  1.49(3) 
C(443)-C(481)  1.44(3) 
C(443)-C(444)  1.49(3) 
C(444)-C(445)  1.37(3) 
C(444)-C(484)  1.47(3) 
C(445)-C(446)  1.33(3) 
C(445)-F(445)  1.41(2) 
C(451)-F(451)  1.37(2) 
C(451)-C(452)  1.47(3) 
C(451)-C(453)  1.49(3) 
C(452)-F(45B)  1.23(3) 
C(452)-F(45A)  1.36(3) 
C(452)-F(45C)  1.40(3) 
C(453)-F(45F)  1.35(3) 
C(453)-F(45D)  1.36(3) 
C(453)-F(45E)  1.36(3) 
C(454)-F(454)  1.39(2) 
C(454)-C(456)  1.46(3) 
C(454)-C(455)  1.57(3) 
C(455)-F(45I)  1.28(2) 
C(455)-F(45G)  1.28(3) 
C(455)-F(45H)  1.46(3) 
C(456)-F(45J)  1.34(3) 
C(456)-F(45K)  1.35(2) 
C(456)-F(45L)  1.41(3) 
C(461)-F(461)  1.41(2) 
C(461)-C(462)  1.56(3) 
C(461)-C(463)  1.58(3) 
C(462)-F(46A)  1.27(3) 
C(462)-F(46C)  1.34(3) 
C(462)-F(46B)  1.39(3) 
C(463)-F(46E)  1.28(3) 
C(463)-F(46F)  1.29(2) 
C(463)-F(46D)  1.33(3) 
C(464)-F(464)  1.35(3) 
C(464)-C(465)  1.59(3) 
C(464)-C(466)  1.63(3) 
C(465)-F(46I)  1.27(3) 
C(465)-F(46G)  1.35(3) 
C(465)-F(46H)  1.41(3) 
C(466)-F(46J)  1.29(3) 
C(466)-F(46L)  1.30(2) 
C(466)-F(46K)  1.37(2) 
C(471)-C(472)  1.34(3) 
C(471)-C(476)  1.39(3) 
C(472)-C(473)  1.49(3) 
C(472)-H(47A)  0.9500 
C(473)-C(474)  1.43(3) 
C(473)-H(47C)  0.9500 
C(474)-C(475)  1.32(3) 
C(474)-C(477)  1.46(3) 
C(475)-C(476)  1.41(3) 
C(475)-H(47D)  0.9500 
C(476)-H(47B)  0.9500 
C(481)-F(481)  1.38(2) 
C(481)-C(483)  1.55(3) 
C(481)-C(482)  1.63(4) 
C(482)-F(48C)  1.32(3) 
C(482)-F(48B)  1.39(3) 
C(482)-F(48A)  1.41(3) 




C(483)-F(48E)  1.36(3) 
C(483)-F(48F)  1.39(3) 
C(484)-C(486)  1.31(4) 
C(484)-F(484)  1.35(3) 
C(484)-C(485)  1.36(4) 
C(485)-F(48H)  1.28(3) 
C(485)-F(48I)  1.34(3) 
C(485)-F(48G)  1.65(4) 
C(486)-F(48K)  1.30(3) 
C(486)-F(48L)  1.37(3) 
C(486)-F(48J)  1.56(3) 
C(491)-H(49A)  0.9801 
C(491)-H(49B)  0.9801 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table E. 4. Anisotropic displacement parameters  (Å2 x 103) for F48H7COOHPcCu•MeOH, [2-
14].   
The anisotropic displacement factor exponent takes the form:  -2π2[ h2 a*2U11 + ...  + 2 h k a* 
b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Cu(1) 25(2)  23(2) 34(2)  -2(2) -2(2)  6(2) 
N(11) 14(9)  34(13) 20(10)  -4(9) -9(9)  10(9) 
N(12) 16(9)  19(12) 29(11)  -2(9) -5(9)  6(9) 
N(13) 43(11)  19(12) 4(9)  3(9) 18(9)  -11(9) 
N(14) 30(10)  34(13) 26(11)  13(10) -4(10)  -14(10) 
N(15) 24(10)  45(14) 14(10)  3(9) -3(9)  -3(9) 
N(16) 32(10)  -4(11) 24(10)  -1(8) 2(9)  10(8) 
N(17) 34(10)  6(11) 15(10)  -11(9) -1(9)  9(8) 
N(18) 15(9)  31(13) 43(12)  -2(10) 5(9)  -8(9) 
O(134) 26(8)  31(11) 55(11)  9(9) 5(8)  7(8) 
O(177) 44(10)  22(12) 51(11)  7(9) -2(9)  25(8) 
O(178) 72(12)  40(13) 62(12)  -18(10) 1(11)  23(10) 
O(191) 42(10)  50(12) 34(10)  -16(9) -1(9)  -15(9) 
C(101) 25(11)  32(14) 21(12)  -2(11) -3(11)  -5(11) 
C(102) 26(11)  7(14) 23(12)  10(11) 5(11)  4(10) 
C(103) 24(11)  40(15) 21(13)  3(12) 3(11)  5(11) 
C(104) 14(10)  32(14) 14(11)  7(10) -9(10)  -7(10) 
C(105) 12(10)  6(13) 18(11)  11(10) -3(10)  8(9) 
C(106) 35(12)  29(15) 4(11)  5(11) -14(11)  -3(11) 
C(107) 21(11)  30(15) 26(12)  4(12) 3(11)  5(11) 
C(108) 25(11)  37(14) 30(13)  -1(11) -3(11)  -14(11) 
C(111) 33(12)  35(14) 15(12)  -1(11) 0(11)  -10(11) 
C(112) 12(11)  37(16) 19(12)  -1(11) 12(10)  1(10) 
C(113) 30(12)  3(13) 43(13)  5(11) 4(11)  14(10) 
C(114) 31(12)  10(14) 29(12)  11(11) -7(11)  -3(10) 
C(115) 21(12)  50(17) 53(15)  -25(13) -10(12)  12(11) 
C(116) 21(11)  40(15) 19(12)  -14(11) -7(11)  5(11) 




C(122) 22(11)  32(16) 40(14)  8(12) 19(12)  5(12) 
C(123) 32(12)  19(14) 32(13)  5(11) -7(12)  1(11) 
C(124) 16(10)  33(14) 27(13)  -1(11) 1(11)  8(11) 
C(125) 23(12)  54(16) 41(14)  -15(13) 1(12)  -1(12) 
C(126) 20(11)  52(15) 35(13)  -21(12) 24(11)  -7(12) 
C(131) 29(11)  15(13) 8(11)  4(10) 2(10)  -6(10) 
C(132) 32(13)  56(18) 23(13)  -12(13) -4(12)  19(12) 
C(133) 28(12)  45(16) -4(10)  -6(10) 8(11)  -2(11) 
C(134) 39(12)  29(14) 17(12)  -12(11) -5(11)  -10(11) 
C(135) 49(14)  42(16) 4(11)  -4(12) 11(11)  -29(12) 
C(136) 24(11)  32(14) 11(11)  -4(11) 5(10)  -5(10) 
C(141) 17(10)  32(14) 33(13)  -5(11) -4(11)  -5(11) 
C(142) 23(11)  10(14) 40(14)  20(11) -11(12)  8(11) 
C(143) 10(10)  15(14) 49(14)  18(11) -8(11)  14(10) 
C(144) 12(10)  36(15) 71(15)  -3(13) 4(12)  9(11) 
C(145) 28(12)  9(14) 47(14)  3(11) -3(12)  -6(11) 
C(146) 7(10)  29(14) 37(13)  -5(11) -5(11)  1(10) 
C(151) 37(13)  22(15) 51(15)  -16(12) 10(12)  4(11) 
C(152) 69(18)  70(20) 80(20)  8(17) -13(17)  -33(17) 
C(153) 67(18)  80(20) 140(20)  -20(20) 20(20)  -33(17) 
C(154) 45(13)  2(13) 47(14)  -4(11) 22(12)  -13(10) 
C(155) 49(15)  24(16) 38(15)  9(14) -5(13)  -6(13) 
C(156) 43(14)  14(16) 60(17)  7(13) -9(14)  -7(13) 
C(161) 4(9)  32(15) 42(14)  -12(11) 4(11)  15(10) 
C(162) 34(14)  26(17) 60(17)  -9(13) -6(14)  10(12) 
C(163) 29(13)  44(18) 53(17)  -3(14) -11(13)  12(13) 
C(164) 18(11)  -7(12) 24(12)  2(10) -1(11)  14(9) 
C(165) 19(13)  46(19) 50(18)  -1(15) -10(14)  3(13) 
C(166) 34(13)  13(16) 64(17)  -8(13) -5(14)  25(12) 
C(171) 28(12)  17(15) 46(14)  8(12) -10(12)  -2(11) 
C(172) 34(12)  14(14) 29(14)  13(11) 11(12)  -2(11) 
C(173) 39(13)  7(15) 40(15)  18(11) -1(12)  2(11) 
C(174) 27(12)  37(16) 38(14)  2(12) 7(12)  2(11) 
C(175) 41(13)  14(15) 45(15)  15(12) 28(13)  15(11) 
C(176) 37(13)  11(15) 42(15)  -8(11) -3(12)  2(11) 




C(181) 22(11)  -2(14) 63(15)  19(11) -3(12)  11(10) 
C(182) 34(14)  18(17) 53(17)  36(14) -24(13)  13(13) 
C(183) 41(16)  40(20) 100(20)  31(16) -9(16)  23(14) 
C(184) 44(12)  31(15) 40(14)  -5(12) 26(13)  -7(11) 
C(185) 54(15)  10(16) 27(14)  8(12) 1(14)  6(12) 
C(186) 29(13)  30(16) 34(15)  11(13) 13(13)  -18(12) 
C(191) 80(20)  60(20) 44(17)  -5(15) 6(16)  -1(16) 
F(15L) 29(7)  56(10) 47(9)  -21(7) 9(7)  12(7) 
F(15C) 45(8)  55(11) 37(8)  33(8) 6(7)  16(8) 
F(15B) 53(9)  34(10) 96(12)  -14(9) 50(9)  -13(7) 
F(15A) 43(8)  17(10) 100(12)  32(8) 2(9)  -4(7) 
F(15K) 75(10)  48(11) 33(8)  5(7) -15(8)  35(8) 
F(15J) 48(8)  37(10) 59(10)  -17(8) -9(8)  18(7) 
F(15F) 82(12)  112(15) 51(11)  9(10) 6(10)  -44(11) 
F(15E) 84(14)  220(20) 160(20)  -78(18) -9(14)  -61(15) 
F(15D) 170(20)  150(20) 160(20)  -2(17) -53(17)  -51(17) 
F(16I) 42(8)  19(9) 52(9)  5(7) 13(7)  7(7) 
F(16L) 30(7)  30(10) 72(10)  -10(8) 27(7)  -8(7) 
F(16H) 48(9)  74(11) 37(9)  -5(8) -16(8)  -2(8) 
F(16F) 52(8)  30(10) 36(8)  5(7) -10(7)  4(7) 
F(16G) 50(8)  51(10) 47(9)  -3(8) 31(8)  -8(8) 
F(16C) 48(8)  40(10) 50(9)  -11(7) 2(8)  -3(7) 
F(16K) 31(8)  49(10) 86(11)  -23(8) -2(8)  -16(7) 
F(16E) 65(10)  49(10) 24(8)  2(7) -3(8)  -6(8) 
F(16J) 53(9)  44(10) 40(9)  2(7) -13(8)  -2(8) 
F(16B) 45(9)  67(12) 60(10)  14(9) 26(8)  4(8) 
F(16D) 49(9)  44(10) 66(10)  10(8) -11(8)  1(8) 
F(16A) 67(9)  4(9) 80(11)  9(7) 3(8)  43(7) 
F(18A) 35(8)  42(10) 30(8)  17(7) 5(7)  17(7) 
F(18H) 39(8)  19(9) 53(9)  4(7) 10(7)  7(6) 
F(18G) 66(9)  17(9) 61(10)  10(7) -9(8)  -1(7) 
F(18I) 64(9)  18(9) 76(11)  27(8) 4(9)  -11(7) 
F(18L) 28(7)  76(12) 42(9)  20(8) 22(7)  6(8) 
F(18E) 49(9)  46(11) 80(11)  -12(9) 19(9)  -1(8) 
F(15I) 40(8)  76(12) 31(8)  12(8) 14(7)  -19(8) 




F(15H) 57(9)  18(9) 45(9)  6(7) -8(8)  1(7) 
F(18J) 68(10)  61(11) 36(9)  13(8) -6(8)  -15(8) 
F(18D) 41(8)  60(11) 87(12)  -35(9) -8(9)  -3(8) 
F(18C) 41(8)  24(10) 80(11)  25(8) -17(8)  7(7) 
F(15G) 41(8)  34(10) 59(9)  10(8) -1(8)  9(7) 
F(18F) 41(9)  56(12) 103(13)  -12(9) 0(9)  15(8) 
F(18B) 46(9)  54(11) 86(12)  23(9) -20(9)  -3(8) 
F(112) 35(7)  35(9) 47(9)  9(7) -2(7)  -14(7) 
F(115) 28(7)  19(9) 44(8)  9(6) 10(7)  13(6) 
F(122) 18(6)  24(9) 52(9)  -3(7) -4(7)  8(6) 
F(125) 47(8)  5(8) 53(9)  17(7) -10(7)  3(7) 
F(142) 31(7)  33(9) 40(8)  2(7) -16(7)  10(7) 
F(145) 23(7)  37(10) 52(9)  27(7) -5(7)  4(7) 
F(151) 47(9)  33(11) 138(15)  46(10) 46(10)  11(8) 
F(154) 27(7)  41(10) 63(10)  -6(8) 2(7)  -4(7) 
F(161) 31(7)  30(9) 82(11)  -7(8) -11(8)  2(7) 
F(164) 35(7)  38(10) 46(9)  6(7) 17(7)  10(7) 
F(181) 23(7)  34(9) 57(9)  12(7) -13(7)  6(6) 
F(185) 18(6)  25(9) 75(10)  -5(7) 2(7)  21(6) 
Cu(2) 31(2)  20(2) 30(2)  4(2) 2(2)  2(2) 
N(21) 18(9)  36(13) 29(11)  -7(10) -7(9)  2(9) 
N(22) 12(8)  20(12) 25(11)  6(9) 5(9)  -6(8) 
N(23) 42(11)  6(12) 14(10)  17(9) 23(9)  0(9) 
N(24) 31(10)  25(13) 47(12)  -5(10) 4(10)  8(10) 
N(25) 40(11)  28(13) 10(10)  9(9) 6(9)  10(9) 
N(26) 21(9)  47(13) 29(11)  3(10) 0(10)  -14(10) 
N(27) 47(11)  -5(11) 6(9)  19(8) 12(9)  9(8) 
N(28) 42(11)  36(13) 25(11)  27(10) -7(10)  -19(10) 
O(234) 52(10)  32(11) 45(10)  -4(8) 7(9)  16(8) 
O(277) 59(12)  53(15) 95(15)  -36(11) -6(11)  20(10) 
O(278) 101(15)  98(16) 32(11)  -7(11) 10(12)  -59(13) 
O(291) 56(11)  58(14) 33(10)  -3(9) 7(10)  -2(10) 
C(201) 27(11)  27(14) 28(12)  -12(11) 10(11)  -4(11) 
C(202) 36(12)  29(15) 19(12)  1(12) 9(11)  -12(11) 
C(203) 36(12)  46(15) 22(13)  -15(12) 2(11)  1(12) 




C(205) 61(14)  10(14) 12(11)  13(10) -8(12)  21(12) 
C(206) 16(10)  54(16) 21(12)  -20(12) -4(11)  -6(11) 
C(207) 19(11)  42(15) 21(12)  8(12) -4(11)  4(11) 
C(208) 25(11)  26(14) 23(12)  1(11) 6(11)  -4(11) 
C(211) 30(11)  19(14) 27(12)  24(11) 13(11)  -13(11) 
C(212) 21(12)  40(17) 26(13)  25(13) 9(11)  -10(11) 
C(213) 24(11)  30(15) 21(12)  19(11) -1(11)  -5(11) 
C(214) 19(11)  30(15) 56(15)  26(13) 8(12)  -16(11) 
C(215) 20(11)  38(16) 38(14)  1(13) 20(12)  1(11) 
C(216) 18(11)  24(14) 32(13)  20(11) -12(11)  5(10) 
C(221) 22(11)  30(14) 34(13)  3(11) 11(11)  -4(11) 
C(222) 21(11)  44(16) 38(14)  1(12) 17(12)  8(12) 
C(223) 26(11)  8(13) 51(14)  1(11) 14(12)  -2(11) 
C(224) 35(12)  23(14) 68(15)  -20(12) 31(12)  -1(11) 
C(225) 17(11)  4(13) 51(14)  3(11) 14(11)  5(10) 
C(226) 20(11)  44(15) 51(14)  -14(12) -2(12)  2(11) 
C(231) 16(10)  30(14) 24(12)  -12(11) -4(10)  2(10) 
C(232) 38(13)  44(18) 35(14)  -6(13) 3(12)  12(12) 
C(233) 44(14)  45(17) 31(14)  32(13) 15(13)  -9(13) 
C(234) 36(12)  26(15) 24(12)  4(11) 4(12)  5(11) 
C(235) 15(11)  39(16) 17(12)  -8(12) 1(10)  17(10) 
C(236) 49(13)  32(15) 19(12)  0(11) 0(12)  -18(12) 
C(241) 24(11)  29(14) 32(13)  -12(11) -9(11)  7(11) 
C(242) 31(12)  39(16) 33(14)  -8(13) 0(12)  14(12) 
C(243) 6(10)  39(15) 35(13)  -1(12) -3(11)  0(10) 
C(244) 12(11)  50(16) 63(15)  -5(13) 2(12)  -1(12) 
C(245) 27(12)  29(16) 61(15)  -2(13) 14(13)  -4(12) 
C(246) 31(12)  23(14) 25(12)  8(11) -6(11)  10(11) 
C(251) 30(13)  54(17) 49(14)  20(14) -8(12)  -1(12) 
C(252) 48(17)  100(20) 64(18)  30(19) -37(16)  -2(16) 
C(253) 73(17)  55(19) 66(18)  -4(16) -3(17)  -24(16) 
C(254) 20(11)  35(16) 56(15)  41(12) -5(12)  -12(11) 
C(255) 27(12)  21(16) 29(15)  2(12) 6(13)  -4(12) 
C(256) 54(16)  21(18) 42(17)  41(13) -9(14)  5(13) 
C(261) 18(11)  37(16) 65(16)  -11(12) 8(12)  -10(11) 




C(263) 45(15)  60(20) 68(19)  -18(16) 28(15)  -13(15) 
C(264) 23(11)  35(16) 64(16)  -21(12) 33(13)  -8(11) 
C(265) 65(17)  35(18) 90(20)  8(17) 44(18)  -25(15) 
C(266) 37(15)  37(19) 110(20)  2(16) 26(17)  -25(14) 
C(271) 36(13)  26(15) 57(15)  2(13) 3(13)  12(11) 
C(272) 69(17)  34(18) 46(16)  21(13) 19(14)  12(14) 
C(273) 44(14)  16(15) 78(18)  -5(13) 7(14)  -15(12) 
C(274) 55(15)  32(16) 59(15)  -14(13) -16(14)  15(12) 
C(275) 49(15)  35(17) 65(16)  -21(13) -24(14)  14(13) 
C(276) 61(15)  22(15) 40(15)  -18(12) -19(14)  13(12) 
C(277) 38(15)  50(20) 100(20)  -6(17) 2(17)  22(14) 
C(281) 15(11)  30(15) 50(14)  22(13) 6(12)  -8(11) 
C(282) 61(16)  61(19) 39(16)  2(15) -8(15)  -27(15) 
C(283) 33(14)  53(19) 43(16)  25(15) 15(14)  11(14) 
C(284) 23(12)  41(16) 78(16)  -6(14) 11(13)  2(12) 
C(285) 47(16)  60(20) 90(20)  -10(17) 11(16)  -3(16) 
C(286) 55(16)  39(18) 120(20)  -4(18) -3(17)  -31(14) 
C(291) 80(20)  100(20) 26(16)  -21(16) 9(16)  -53(18) 
F(25I) 39(8)  38(10) 47(9)  19(7) -2(8)  6(7) 
F(25L) 59(9)  26(10) 53(10)  7(7) -3(8)  17(7) 
F(25K) 78(11)  50(11) 42(9)  -7(8) -21(9)  -6(8) 
F(25H) 65(10)  68(12) 27(8)  -12(8) -14(8)  14(8) 
F(25J) 82(11)  38(11) 50(9)  15(8) -6(9)  10(8) 
F(25G) 64(9)  51(11) 37(9)  14(8) -9(8)  -9(8) 
F(25F) 65(10)  49(11) 93(12)  8(9) -24(10)  -13(9) 
F(25E) 124(14)  78(13) 42(10)  27(9) -15(10)  -57(11) 
F(25D) 67(10)  76(13) 93(13)  -6(10) -23(10)  -26(10) 
F(25C) 81(12)  107(16) 75(12)  2(11) 7(11)  -17(11) 
F(25B) 79(11)  91(14) 105(13)  49(11) -38(10)  -57(10) 
F(25A) 88(12)  124(15) 65(11)  -4(11) 12(10)  -60(11) 
F(26C) 37(8)  47(10) 55(9)  -13(8) 20(8)  -7(7) 
F(26F) 44(8)  69(12) 46(9)  -11(8) 9(8)  13(8) 
F(26B) 52(9)  39(10) 71(11)  10(8) 9(8)  -3(7) 
F(26A) 47(8)  25(10) 93(12)  -6(8) 34(8)  23(7) 
F(26E) 55(9)  88(13) 73(11)  -19(9) -30(9)  -10(9) 




F(26I) 61(10)  66(13) 174(18)  -20(12) 41(12)  -45(9) 
F(26L) 73(11)  77(13) 66(12)  18(10) 24(10)  10(9) 
F(26H) 35(8)  40(11) 144(15)  -25(10) -1(10)  -11(8) 
F(26K) 66(10)  87(14) 117(15)  -12(11) 70(11)  -36(10) 
F(26J) 43(9)  60(13) 155(16)  34(12) 45(10)  -14(9) 
F(26G) 62(11)  94(15) 180(20)  -30(14) -36(13)  -2(10) 
F(28F) 69(10)  28(10) 45(9)  17(7) 12(8)  17(8) 
F(28C) 69(10)  91(13) 25(9)  9(8) -18(8)  -23(9) 
F(28E) 29(8)  65(12) 89(12)  21(9) 23(9)  11(8) 
F(28L) 66(10)  37(11) 76(11)  10(9) 4(9)  2(8) 
F(28D) 58(9)  37(11) 74(11)  18(8) -9(9)  18(8) 
F(28K) 38(8)  73(12) 100(13)  40(10) -23(9)  -14(8) 
F(28J) 39(9)  71(12) 109(13)  26(10) -5(9)  -11(8) 
F(28B) 50(9)  88(14) 80(12)  39(10) -32(9)  4(9) 
F(28I) 37(9)  58(12) 139(16)  -44(11) -5(10)  -13(8) 
F(28A) 68(11)  118(16) 93(13)  -11(12) -25(10)  -11(11) 
F(28H) 66(11)  76(13) 90(13)  -24(10) 20(10)  -8(9) 
F(28G) 71(11)  97(14) 125(16)  -33(12) -17(11)  -23(10) 
F(212) 56(9)  33(10) 54(9)  27(7) -17(8)  -11(7) 
F(215) 30(7)  45(10) 48(9)  10(7) -3(7)  -16(7) 
F(222) 26(7)  15(8) 40(8)  -1(6) 3(6)  12(6) 
F(225) 39(8)  34(10) 66(10)  6(8) 19(8)  -10(7) 
F(242) 32(7)  52(10) 34(8)  14(7) -9(7)  11(7) 
F(245) 39(8)  3(9) 98(12)  14(8) -3(8)  -5(7) 
F(251) 76(10)  25(10) 74(11)  8(8) -40(9)  -11(8) 
F(254) 77(10)  13(9) 51(9)  26(7) -24(8)  -6(7) 
F(261) 42(8)  47(10) 83(11)  -30(8) 23(8)  -1(7) 
F(264) 27(7)  62(11) 98(12)  -14(9) 22(8)  -12(7) 
F(281) 19(7)  78(12) 66(11)  19(9) 7(8)  8(7) 
F(284) 42(8)  64(12) 88(12)  16(9) -27(9)  -8(8) 
Cu(3) 34(2)  23(2) 29(2)  12(2) 0(2)  6(2) 
N(31) 40(11)  18(13) 51(13)  29(11) 8(11)  3(10) 
N(32) 28(10)  21(13) 22(11)  6(9) 15(9)  -7(9) 
N(33) 39(11)  23(12) 2(9)  7(9) 7(9)  8(9) 
N(34) 23(10)  42(13) 34(12)  1(10) -6(10)  1(9) 




N(36) 42(11)  12(14) 30(11)  18(10) 8(10)  8(9) 
N(37) 39(11)  30(13) 24(11)  -5(10) -3(10)  5(9) 
N(38) 45(11)  24(12) 14(10)  1(9) 7(10)  5(9) 
O(334) 56(10)  31(12) 55(11)  8(10) 22(9)  13(9) 
O(377) 30(9)  69(14) 25(10)  -8(9) 8(8)  1(9) 
O(378) 44(10)  26(11) 48(11)  -3(9) 11(10)  5(9) 
O(391) 82(13)  42(13) 51(11)  -5(10) -21(10)  -6(11) 
C(301) 35(12)  0(14) 26(12)  22(11) 8(11)  -15(10) 
C(302) 28(12)  18(15) 30(13)  14(11) 6(11)  4(11) 
C(303) 7(10)  40(15) 21(12)  6(11) -3(10)  18(10) 
C(304) 31(12)  29(15) 46(14)  -13(12) -9(12)  7(11) 
C(305) 28(11)  17(15) 7(11)  27(11) 12(11)  14(10) 
C(306) 41(13)  35(16) 34(13)  -4(12) 0(12)  -3(11) 
C(307) 37(13)  11(14) 50(15)  18(12) 8(12)  13(11) 
C(308) 19(11)  37(15) 43(14)  24(12) -14(12)  -9(11) 
C(311) 18(10)  8(13) 20(12)  1(10) -4(10)  -3(10) 
C(312) 36(13)  16(15) 31(13)  3(12) 6(12)  4(11) 
C(313) 68(15)  38(16) 46(15)  0(13) 18(14)  16(13) 
C(314) 44(13)  35(16) 38(14)  9(12) 19(12)  25(12) 
C(315) 59(15)  24(16) 19(12)  1(12) -4(13)  7(12) 
C(316) 35(12)  35(15) 18(12)  -9(11) 11(12)  -4(11) 
C(321) 28(11)  24(15) 16(12)  15(11) -3(11)  6(11) 
C(322) 23(12)  22(15) 33(14)  -1(12) 1(12)  11(11) 
C(323) 36(12)  29(16) 28(13)  30(11) 6(12)  2(11) 
C(324) 17(11)  27(14) 19(12)  4(11) -7(11)  1(10) 
C(325) 15(11)  30(16) 49(15)  14(13) 6(12)  12(11) 
C(326) 23(11)  25(15) 17(12)  14(11) -12(11)  7(10) 
C(331) 29(12)  35(16) 36(13)  14(12) 17(11)  9(11) 
C(332) 28(12)  8(15) 37(14)  28(12) 19(11)  9(10) 
C(333) 30(12)  14(15) 44(14)  27(12) -8(12)  9(11) 
C(334) 45(14)  38(17) 27(13)  -2(12) -12(12)  2(12) 
C(335) 41(14)  24(17) 45(14)  28(13) -13(13)  9(12) 
C(336) 39(12)  24(15) 4(11)  21(11) 7(11)  22(11) 
C(341) 28(12)  30(15) 33(13)  -7(12) 4(12)  15(11) 
C(342) 69(16)  34(17) 22(14)  -8(12) -4(14)  28(13) 




C(344) 53(14)  11(15) 59(15)  14(12) -11(14)  -11(12) 
C(345) 36(13)  35(17) 37(14)  27(13) -2(13)  2(12) 
C(346) 15(11)  21(15) 42(14)  9(11) 4(11)  10(10) 
C(351) 91(18)  69(18) 72(18)  -1(16) 18(17)  3(16) 
C(352) 110(20)  50(20) 70(20)  4(17) 0(20)  -16(17) 
C(353) 70(20)  90(20) 150(30)  -20(20) 50(20)  -53(18) 
C(354) 38(13)  38(15) 48(14)  -17(13) 7(12)  11(12) 
C(355) 80(19)  70(20) 74(19)  -19(17) 13(17)  -23(17) 
C(356) 49(15)  29(17) 9(13)  4(12) 6(13)  0(13) 
C(361) 44(13)  28(15) 22(13)  16(12) 2(12)  15(12) 
C(362) 73(17)  13(17) 4(13)  28(12) -8(14)  30(14) 
C(363) 35(13)  39(18) 26(14)  16(14) 16(13)  19(13) 
C(364) 28(11)  41(15) 25(13)  2(11) 15(11)  -2(11) 
C(365) 42(13)  5(15) 23(14)  14(12) 8(12)  2(11) 
C(366) 24(12)  38(17) 24(15)  3(12) 5(12)  6(12) 
C(371) 48(13)  40(16) 25(13)  14(12) 12(13)  -9(13) 
C(372) 45(14)  16(17) 51(15)  21(14) 8(13)  21(13) 
C(373) 45(14)  42(17) 20(13)  -1(13) -8(13)  23(14) 
C(374) 54(14)  47(17) 15(12)  0(12) -10(12)  15(13) 
C(375) 54(15)  51(18) 25(14)  -7(13) -6(13)  11(14) 
C(376) 52(14)  57(17) 16(13)  1(13) 10(13)  4(14) 
C(377) 33(13)  2(15) 36(14)  0(12) -12(12)  10(11) 
C(381) 79(15)  30(15) 25(13)  21(12) -41(14)  -9(14) 
C(382) 90(18)  24(18) 45(17)  42(14) -21(17)  -13(16) 
C(383) 90(19)  45(19) 33(15)  15(15) -26(17)  -6(17) 
C(384) 59(14)  9(14) 65(15)  15(13) -27(14)  5(12) 
C(385) 35(14)  39(18) 90(20)  -9(15) -35(16)  9(14) 
C(386) 58(16)  29(17) 49(17)  -2(14) -13(16)  4(14) 
C(391) 180(30)  60(20) 100(30)  -40(20) -80(20)  20(20) 
F(35I) 55(10)  67(13) 77(11)  -11(9) -26(9)  24(9) 
F(35H) 98(12)  53(11) 40(9)  -18(8) 19(9)  9(9) 
F(35G) 94(12)  76(13) 73(11)  -14(10) -5(10)  -34(10) 
F(35C) 127(15)  68(15) 122(17)  -19(12) 3(14)  1(12) 
F(35B) 91(13)  92(15) 121(16)  -2(12) 34(13)  3(11) 
F(35A) 154(19)  108(18) 170(20)  -1(15) 5(17)  2(15) 




F(35E) 115(14)  60(13) 113(15)  24(11) 35(12)  23(11) 
F(35D) 78(12)  166(19) 80(13)  -40(13) -35(11)  53(12) 
F(36I) 42(8)  32(9) 34(8)  11(7) 9(7)  -6(7) 
F(36L) 59(9)  32(9) 35(8)  2(7) -12(7)  -1(7) 
F(36K) 54(9)  18(9) 39(9)  2(7) 11(7)  11(7) 
F(36J) 61(9)  13(9) 37(8)  20(7) -1(7)  6(7) 
F(36H) 53(8)  47(10) 30(8)  -2(7) -11(7)  -13(7) 
F(36F) 53(8)  27(10) 53(9)  15(7) 0(8)  -9(8) 
F(36G) 46(8)  53(11) 39(9)  23(8) -8(7)  -3(8) 
F(36C) 74(10)  60(11) 28(8)  -8(8) -8(8)  28(9) 
F(36E) 36(8)  45(11) 71(10)  1(8) 8(8)  17(7) 
F(36B) 90(11)  59(12) 40(10)  -8(8) -18(9)  -19(9) 
F(36A) 124(14)  52(12) 59(10)  -11(9) 5(10)  30(10) 
F(36D) 51(9)  89(13) 34(9)  20(9) 26(8)  -14(8) 
F(38I) 86(11)  48(12) 72(11)  18(9) -6(10)  -9(9) 
F(35L) 96(12)  30(11) 43(9)  9(8) -9(9)  14(9) 
F(38F) 115(13)  31(11) 33(9)  17(8) 28(9)  8(9) 
F(38E) 78(11)  72(12) 46(10)  23(9) -8(9)  -20(9) 
F(35K) 88(11)  19(9) 61(10)  -1(8) -4(9)  -3(8) 
F(38D) 96(12)  54(12) 31(9)  26(8) 3(9)  -10(9) 
F(35J) 78(11)  80(12) 33(9)  -4(8) 14(9)  -17(9) 
F(38L) 58(9)  48(11) 80(11)  -21(9) -22(9)  16(8) 
F(38C) 100(12)  52(11) 41(9)  7(8) -20(9)  -8(10) 
F(38K) 73(11)  57(12) 71(12)  19(9) -10(10)  -14(9) 
F(38H) 47(9)  21(10) 110(13)  43(9) -11(9)  -7(8) 
F(38G) 68(10)  60(12) 110(13)  13(10) -70(10)  -5(9) 
F(38J) 107(12)  14(10) 91(12)  42(8) -63(10)  -6(9) 
F(38B) 203(18)  50(11) 14(8)  16(8) -33(11)  -44(11) 
F(38A) 89(12)  62(12) 101(13)  -10(10) -37(11)  -7(10) 
F(312) 54(8)  -4(8) 48(9)  33(6) -11(7)  6(6) 
F(315) 66(9)  38(10) 27(8)  15(7) 14(7)  12(8) 
F(322) 55(9)  26(9) 38(8)  3(7) -6(7)  6(7) 
F(325) 37(7)  22(9) 19(7)  14(6) 17(6)  12(6) 
F(342) 110(12)  64(12) 18(8)  31(8) -13(9)  -20(10) 
F(345) 39(8)  40(10) 59(10)  1(8) 2(8)  29(7) 




F(354) 62(9)  30(10) 62(10)  8(8) 0(8)  23(8) 
F(361) 55(9)  27(9) 38(8)  6(7) 0(7)  14(7) 
F(364) 30(7)  17(8) 32(8)  10(6) 3(6)  -1(6) 
F(381) 114(13)  58(12) 30(8)  16(8) -26(9)  -21(10) 
F(384) 88(11)  26(10) 63(10)  11(8) -24(9)  2(8) 
Cu(4) 39(2)  26(2) 26(2)  4(2) 5(2)  7(2) 
N(41) 53(12)  26(13) 23(11)  12(10) 15(10)  7(10) 
N(42) 30(10)  -2(13) 41(12)  26(9) -17(10)  13(9) 
N(43) 34(10)  16(12) 18(10)  -15(9) 4(9)  14(8) 
N(44) 42(11)  10(12) 25(11)  -3(9) 22(10)  -2(9) 
N(45) 22(9)  9(12) 39(11)  10(10) 10(10)  -4(8) 
N(46) 37(11)  24(14) 20(11)  -2(9) 4(9)  19(9) 
N(47) 33(11)  36(13) 10(10)  2(10) -8(9)  18(9) 
N(48) 47(12)  60(15) 9(10)  4(10) 3(10)  4(11) 
O(434) 64(10)  38(12) 44(11)  -14(9) 35(9)  20(9) 
O(477) 38(10)  49(13) 121(17)  -12(11) -16(12)  -3(9) 
O(478) 62(12)  28(14) 138(19)  14(12) -1(13)  6(10) 
O(491) 47(10)  48(13) 45(11)  -21(9) 1(9)  -7(9) 
C(401) 41(13)  36(17) 38(14)  -4(12) 10(13)  2(12) 
C(402) 36(12)  5(14) 48(14)  5(12) 4(12)  -4(11) 
C(403) 45(13)  33(15) 29(13)  -6(12) 3(12)  -10(11) 
C(404) 36(12)  18(14) 19(12)  17(11) 15(11)  -11(11) 
C(405) 33(12)  21(15) 17(12)  -10(11) 10(11)  8(11) 
C(406) 18(11)  32(15) 33(13)  4(12) -15(11)  -5(11) 
C(407) 33(13)  57(17) 26(13)  5(13) -3(12)  21(12) 
C(408) 38(12)  32(15) 36(13)  -4(12) 14(12)  -4(11) 
C(411) 31(12)  44(16) 56(15)  -30(13) 14(12)  2(12) 
C(412) 32(12)  22(15) 39(14)  -21(12) 9(12)  10(11) 
C(413) 34(12)  57(17) 43(14)  -18(13) 12(12)  4(12) 
C(414) 45(13)  45(16) 6(11)  -4(11) 11(11)  -9(12) 
C(415) 20(12)  69(19) 24(13)  -1(14) 9(12)  -7(12) 
C(416) 25(12)  57(17) 23(13)  -3(12) -21(11)  -5(11) 
C(421) 45(13)  23(15) 19(13)  15(11) 6(12)  5(11) 
C(422) 40(13)  12(14) 18(13)  11(11) 2(12)  11(11) 
C(423) 16(11)  32(14) 16(12)  -3(10) -8(10)  1(10) 




C(425) 33(12)  18(15) 15(12)  -6(11) -4(11)  16(11) 
C(426) 41(13)  39(16) 27(13)  14(12) -10(12)  -6(12) 
C(431) 27(11)  27(15) 11(12)  7(11) 13(11)  -4(11) 
C(432) 41(13)  38(16) 24(13)  -9(12) 12(12)  -13(12) 
C(433) 32(12)  52(16) 27(13)  -7(12) 31(12)  3(12) 
C(434) 46(13)  18(16) 13(12)  -4(11) 19(12)  20(11) 
C(435) 63(15)  20(16) 31(13)  6(12) 3(13)  -1(12) 
C(436) 31(12)  35(16) 34(13)  -2(12) 22(12)  5(11) 
C(441) 39(13)  37(15) 41(14)  15(13) 6(13)  -25(12) 
C(442) 52(15)  42(17) 53(16)  3(14) 13(14)  -17(13) 
C(443) 63(15)  38(16) 31(13)  9(12) -4(13)  0(13) 
C(444) 43(14)  68(18) 37(14)  7(13) 7(13)  15(13) 
C(445) 8(11)  48(17) 46(15)  12(13) 10(12)  5(11) 
C(446) 26(12)  23(16) 53(15)  6(12) 14(12)  4(11) 
C(451) 33(12)  20(14) 32(13)  -3(11) 7(12)  -1(11) 
C(452) 61(16)  24(17) 81(19)  -24(15) 9(16)  12(14) 
C(453) 40(15)  46(19) 77(19)  -17(15) -13(15)  10(14) 
C(454) 23(12)  50(16) 38(14)  -13(13) 5(11)  23(11) 
C(455) 38(14)  37(17) 73(18)  -19(15) -15(15)  21(13) 
C(456) 32(14)  41(18) 42(16)  -2(14) 9(13)  18(13) 
C(461) 46(13)  22(14) 23(13)  24(11) 3(12)  2(12) 
C(462) 57(16)  43(19) 43(17)  17(14) -12(15)  -8(15) 
C(463) 39(14)  40(17) 29(14)  5(14) 6(14)  -9(14) 
C(464) 32(12)  37(16) 35(14)  11(12) 6(12)  14(11) 
C(465) 29(14)  80(20) 42(17)  15(17) 5(14)  19(15) 
C(466) 49(15)  6(16) 57(17)  17(14) 30(14)  -9(12) 
C(471) 48(13)  34(15) 34(13)  -13(12) 7(13)  8(13) 
C(472) 25(12)  51(16) 42(14)  -14(13) -10(12)  -7(12) 
C(473) 30(13)  43(16) 58(15)  -18(13) -11(13)  -3(12) 
C(474) 49(14)  21(15) 58(15)  0(12) -13(13)  17(13) 
C(475) 26(12)  43(17) 80(17)  -4(15) 4(13)  -5(13) 
C(476) 40(13)  36(16) 54(16)  -30(13) 11(14)  7(13) 
C(477) 52(16)  48(18) 66(17)  -30(15) -9(15)  9(15) 
C(481) 69(15)  16(14) 31(13)  7(12) -23(14)  4(13) 
C(482) 73(18)  80(20) 90(20)  11(19) 3(18)  7(18) 




C(484) 47(15)  60(18) 55(15)  9(15) 11(15)  26(14) 
C(485) 90(20)  80(20) 90(20)  -16(19) -20(20)  35(19) 
C(486) 33(15)  90(20) 65(18)  4(18) -7(16)  30(16) 
C(491) 80(20)  50(30) 210(40)  -30(20) 10(30)  0(20) 
F(45C) 34(8)  61(11) 62(10)  -16(8) -7(8)  14(7) 
F(45I) 63(9)  39(10) 41(9)  -16(7) -14(8)  30(8) 
F(45L) 57(9)  52(11) 50(9)  6(8) 3(8)  5(8) 
F(45B) 53(9)  50(11) 53(10)  3(8) 5(8)  -7(8) 
F(45A) 52(9)  61(12) 79(11)  -28(9) -9(9)  38(8) 
F(45F) 56(9)  39(10) 73(11)  -4(8) -4(9)  -2(8) 
F(45E) 50(9)  58(12) 90(12)  -15(9) 10(9)  14(8) 
F(45K) 58(10)  86(13) 45(10)  13(9) 0(8)  6(9) 
F(45J) 72(10)  89(13) 41(9)  -3(8) -14(9)  -28(9) 
F(45D) 82(10)  16(10) 60(10)  19(8) -21(9)  8(8) 
F(45H) 72(10)  50(11) 69(10)  -11(9) -29(9)  13(9) 
F(45G) 56(9)  99(13) 27(8)  -18(9) 2(8)  9(9) 
F(46C) 67(9)  40(10) 35(9)  12(7) 8(8)  -7(8) 
F(46F) 34(8)  74(12) 39(9)  -3(8) -12(8)  -10(8) 
F(46B) 51(9)  47(10) 53(9)  -14(8) 18(8)  1(7) 
F(46E) 77(10)  47(11) 55(10)  -27(8) 12(9)  -20(9) 
F(46I) 69(10)  36(11) 45(9)  18(8) 0(8)  -4(8) 
F(46L) 64(10)  28(10) 68(10)  2(8) 11(9)  37(8) 
F(46D) 71(10)  46(10) 32(8)  -3(8) -12(8)  8(8) 
F(46A) 64(9)  49(11) 38(9)  -24(8) 3(8)  0(8) 
F(46K) 82(10)  9(9) 78(11)  1(8) -2(9)  7(8) 
F(46J) 112(13)  38(10) 45(9)  -15(8) -22(10)  3(9) 
F(46H) 60(9)  69(12) 46(9)  0(8) 1(8)  48(8) 
F(46G) 47(9)  113(14) 33(9)  1(9) 8(8)  19(9) 
F(48C) 95(12)  34(11) 82(11)  1(9) -44(10)  -1(9) 
F(48F) 84(11)  90(14) 37(9)  30(9) 17(9)  -17(10) 
F(48E) 80(11)  95(14) 80(12)  -50(10) 15(10)  -30(10) 
F(48D) 128(14)  62(13) 53(11)  5(9) 23(11)  -10(11) 
F(48I) 57(10)  76(13) 90(13)  17(10) 12(10)  16(9) 
F(48B) 109(13)  98(14) 33(9)  -6(9) -10(10)  33(11) 
F(48L) 189(18)  26(11) 81(12)  24(9) -32(13)  -32(11) 




F(48K) 86(12)  78(14) 103(15)  1(11) 47(11)  23(10) 
F(48H) 141(17)  180(20) 48(11)  57(13) -36(12)  25(15) 
F(48G) 52(11)  220(20) 116(16)  -29(16) -9(11)  31(13) 
F(48J) 200(20)  79(15) 69(12)  2(11) 55(13)  44(14) 
F(412) 54(8)  25(10) 38(8)  6(7) 8(7)  25(7) 
F(415) 57(9)  39(10) 33(8)  11(7) 0(8)  5(8) 
F(422) 48(8)  19(9) 30(8)  -2(6) 14(7)  19(7) 
F(425) 41(8)  38(10) 27(8)  -7(7) 9(7)  5(7) 
F(442) 43(8)  53(11) 26(8)  10(7) 8(7)  6(7) 
F(445) 54(9)  44(11) 47(9)  7(8) 7(8)  12(8) 
F(451) 59(9)  29(9) 49(9)  -2(7) -9(8)  4(7) 
F(454) 36(8)  72(11) 28(8)  -5(7) 3(7)  16(7) 
F(461) 60(8)  23(9) 25(7)  2(6) 12(7)  2(7) 
F(464) 59(9)  66(11) 17(7)  5(7) 7(8)  13(8) 
F(481) 116(14)  79(13) 49(10)  -20(9) 5(10)  5(11) 
F(484) 135(16)  68(14) 75(12)  27(11) -22(12)  0(11) 
______________________________________________________________________________ 
 
 
 
